


10,000 CONFIGURATIONS — 
EACH WITH 10,000 SPEEDS! 


Choose from thousands of different shapes, sizes, attitudes, mountings, horsepowers, enclosures, 
ungeared or geared combinations—choose the U.S. VARIDRIVE MOTOR that exactly fits your 
application! U.S. introduced the first self-contained a.c. motorized variable speed drive for industry 
-in 1932! Ever since, U.S. design engineers have been developing new Varidrives to combine new 
characteristics ...new controls, too: Manual, mechanical, electrical remote control, and automatic 
control. Ratings available: % to 75 h.p. (Send for free 16-page color Varidrive Bulletin, No. F-1797.) 


For your variable speed application, specify: 


U.S.VARIDRIVE motors 


VARIDRIVE 
WITH INTEGRAL GEARING, MOTOR 
AND TAKE-OFF SHAFT SAME SIDE 

















MOTOMOUNT VARIDRIVE 
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MOTOR USER'S CASE HISTORY 
/ 


We ran 
accelerated life 
tests... 
selected Bodine 
_ Motors” 


... HALOID XEROX INC. 


“Before we selected a Bodine fractional horsepower motor to power our 
XeroX 914 Office Copier, our Research and Development Division con- 
ducted accelerated life tests. The results were favorable. This, plus our past 
experience with Bodine’s dependability, made it clear that Bodine Motors 
should power this piece of office equipment. Also we find that Bodine’s 
conservative rating gives us trouble-free performance even when. used at 


full rating.” 


... Dr. John H. Dessauer, Executive Vice President 
in Charge of Research 
and Product Development, Haloid Xerox Inc. 


$ 


Here's the XeroX 914 Office 
Copier .. . powered by a Bodine 
Fractional tiorsepower Motor 


This remarkable new copier 
automatically reproduces copies 
of letters and other documents 
on ordinary unsensitized paper. 
For single or multiple copies . . . 
as many as six a minute... you 
just dial the number of copies 
you want, push a button, and 
that’s it. The main drive of the 
XeroX 914 Copier is powered 
by single reduction, right angle 
worm gear, speed reducer motor 
... by Bodine. 


Bulletin describes late model business machine motor. y, 


Here's the story of Bodine's latest model business fractional OOINE horsepower 
machine motor . . . the FSE-23. It's only 256” high . . . = p 


weighs only 1 pound 11 ounces. . . and delivers plenty 
of power, Designed for economical, high volume M Cc) C) Fe Ss, 
production. Ask for your copy of Technical Bulletin 4 


#1034. Bodine Electric Company, 2508 West Bradley _. the power behind the leading products 
Place, Chicago 18, Illinois. 
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with capacities to 50 hp! 
LINK-BELT 


RS 


VARIABLE SPEED DRIVES 








All-metal drives use single-roll chains 
to achieve positive, stepless, infinitely 
variable speed control 


With a unique chain design and force lever sys- 
tem, Link-Belt RS P.I.V. drives represent a major 
advance in direct-drive variable-speed transmis- 
sion. It’s the most compact mechanical 50 horse- 
power variable speed drive on the market. 

Twin strands of high-load capacity chain oper- 
ating between opposing conical wheels permit 
extreme compactness. The effective diameters of 
the wheel faces are altered during operation, 
changing their ratio and the output shaft speed 
accordingly . . . providing smooth, positive, accu- 
rate speed adjustment between maximum and 
minimum settings. Constant hp or torque is main- 
tained over the complete speed range. 

Link-Belt RS P.I.V. drives are all-metal and 
pressure-lubricated. Capacities to 50 hp, with 
speed variation ratios up to 5.5:1. For full details, 
contact your nearest Link-Belt office. Ask for new 
Catalog 2874. 18,987 


' VARIABLE SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- 

cago 1. To Serve Industry There Are Link-Belt Plants, Ware- 

houses, District Sales Offices and Stock Carrying Distributors 

in All Principal Cities. Export Office, New York 7; Australia, 

Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro 

(Toronto 13); South Africa, Springs. Representatives Through- 
out the World. 
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AVAILABILITY 


SPECIFY 
B&W Job-Matched seamless mechanical tubing 


B&W offers you... experienced tube salesmen—ready to serve you promptly 


@ a wide choice of tube diameters, wall thicknesses and These are just a few of the many reasons why it pays to 
lengths specify B&W Job-Matched Seamless Mechanical Tubing. 
@ a broad range of standard and special analyses in And remember—matching tubes to jobs assures you the 
carbon or alloy steels righi tube, in the right quantity, at the right time. For 
@ a complete variety of tube finishes — hot-finished, more information, call your local B&W District Sales 
turned, cold-drawn or roto-rocked Office, or write for Bulletin TB-430. The Babcock & 


@ service from 2 tube mills—plus a nationwide network | Wilcox Company, Tubular Products Division, Beaver 
of district sales offices and steel service centers manned by _ Falls, Pennsylvania. 


TA-9047-SM1 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges— 
in carbon, alloy and stainless steels and special metals 
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“Renaissance in Copper” 
Promised by Producers 


Hor Sprincs, Va.—Amid the flurry 
of new and exotic materials devel- 
oped during the last few years, some 
of the conventional metals have 
been all but lost in the shuffle, at 
least from the standpoint of pub- 
licity. This situation is causing a 
major reappraisal of promotional 
and technical programs on the part 
of several basic-metal producers. 
At the recent annual meeting of 
the Copper & Brass Research Asso- 
ciation, speakers emphasized “an 
abundance of new and exciting ideas 
for copper products.” Some of the 
ideas merely require engineering 
development; others, admittedly, will 
demand considerable research. Here 
is a preview of projects now under 
active development by the newly 
formed Copper Products Develop- 
ment Association—an organization 
formed by copper producers to put 
their favorite metal back in the fore- 
front of design: 
® Stainless copper, developed, per- 
haps, by metallurgical surface treat- 
ment. 
e Organic and inorganic protective 
finishes for copper, brass, and 
bronze. 
¢ Abrasion-resistant plastic finishes 
for copper products and combina- 
tions of copper with the newer plas- 
tics and glasses to give materials 
superior properties and greater es- 
thetic appeal. 
© Increased uses for copper in cast 
iron and for alloying with steel. 
© Combinations of copper and alu- 
minum for electric power applica- 
tions. 
© Development of copper chemicals 
for use in industry and agriculture. 
Copper powder metallurgy is an- 
other promising area, according to 
CPDA. “There are a number of ap- 
plications at the present, and whole 
new lines of products made from 
copper powder seem imminent. Pos- 
sibilities also exist for products based 
on copper fibers and crystals.” 


Tilt-Axis Hemisphere Pinpoints Pilot 


Semiglobal pilots can dispense with complicated calculations when they use 
a navigation system now in the experimental stage. A transparent plastic hem- 
isphere is etched photographically with a map of half the world; a beam of 
light illuminates a 400-mile circle, projecting it on a flat screen in front of the 


pilot. The hemisphere is automatically turned on its axes by a computer so 
that the illuminated circle is always centered on the plane's position. Inter- 
national Business Machines Corp., New York, presently refining the basic sys- 
tem, says that a similar device could be used in space navigation. A stellar 
map would replace the world map, and a telescopic view from the spacecraft 
would be superimposed on the flat screen. As the two pictures lined up, a 
computer would automatically determine position. 


Communication Trails New Engineering Knowledge 


by the lack of new materials, ideas, 
and methods to meet the changing 


New Yorx—While engineering and 
scientific knowledge increases ex- 


ponentially, the techniques used to 
communicate the flood of new data, 
new ideas, and new information 
are improving at a decidedly slower 
rate. This lag can be extremely 
costly to individual companies who 
find themselves duplicating work al- 
ready done by other groups, or who 
find their products suddenly obso- 
lescent, or their progress checked 


needs in their particular field. 

The problem was recently ex- 
amined in a seminar at New York 
University (Subject: “The Critical 
Million—How to Talk to the Na- 
tion’s Scientists and Engineers”) 
where experts in the field set out 
to define the “ideal” communica- 
tions program. 

One of the seminar speakers, Mr. 
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Do Your Gear Applications Require CLUSTERS? 


If you are producing Aerial Cameras— Windshield Wipers—Tape 
Dispensers—Fire Control Apparatus—Computing Equipment— 

my Ce or many other items where combinations of different Gear types 
are needed, G.S. Clusters will give you the maximum in precision 
design. Spurs or Helicals in combination with straight and spiral 
bevels, spur pinions, worm gears, and clutches are all made with 
the consistent “‘better-than-spec” quality for which G.S. is 
famous all over the country. 

Perhaps you have an irksome problem involving such clusters 
—or some other Small Gearing application. G.S. engineers will 
be glad to sit down with you and discuss solutions, in the light 
of our more than four decades of experience in every area of 
U.S. industry where precision Small Gearing is used in quantity. 


€ ® = 
Spe cI q Ities, L ne. Why don’t you write or phone us—today? 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


OF FRACTIONAL HORSEPOWER GEARING S4 Yeats of, Af ‘ G ee hr bnall G, caring! 
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Sa, = SEND FOR G.S. illustrated folder! See where and how we mass- 
s@i): manufacture Small Gearing to uniformly fine tolerances. Folder 
We contains 23 pictures of Small Gears, plant view, Diametral and Cir- 

cular Pitch Tables. Ask for yourcopyoncompany stationery, please! 
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Frank Coss, vice president, Scien- 
tifice/Technological Communications 
Inc., suggested that the basic need 
is for better communication, not 
more communication. And the in- 
dividual company can do much to 
promote this idea. Mr. Coss pro- 
poses that company managements: 


© Recognize that the one million 
scientists and engineers in this coun- 
try constitute a separate and dis- 
tinct audience, relatively small in 
number, but critical in importance, 
who are not amenable to conven- 
tional mass communications meth- 
ods and philosophies. 
® Develop for the company a sepa- 
rate, comprehensive program of 
communication to and from this 
technical community. Factor into 
it the traditional communications 
methods, those the company already 
may be using. But look also for new 
and effective ways in which to dis- 
seminate and gather information. 
Make use of specialists and con- 
sultants who can aid in this effort. 
Among the vast array of com- 
munications tools and procedures 
that companies can use, one of the 


sf we Be As : 


most effective is personal contact. 
According to Mr. Coss: 


® Scientists and engineers working 
in the same company should be en- 
couraged to meet and exchange in- 
formation and ideas, and _ they 
should be encouraged to talk with 
their counterparts in other com- 
panies. 

© Companies in one geographical 
area might pool their information 
sources, with each company special- 
izing in a particular field. They 
could also set up inter-company 
seminars, meetings, roundtables, 
conferences on subjects of mutual 
technical interest. And they could 
underwrite a local club or group for 
informal and social contacts among 
scientists and engineers. 

The vast technical press is a ma- 
jor communications channel that 
should be better understood and 
utilized, says Mr. Coss. Companies 
should study the various types of 
technical magazines available, es- 
tablish liaison with their editors, 
and encourage company technical 
and scientific personnel to contrib- 
ute papers and reports to appropri- 
ate publications and journals. 


Crossed-Field Tunnel Gives Long-Term Tests 


Hypersonic-test durations move out of the split-second range with the devel- 
opment of a new Allis-Chalmers ‘‘cross-field acceleration’ wind tunnel. De- 
signed to test missile materials, the prototype facility has run continuously for 
as long as 20 minutes. (Older ‘‘blow-down"’ tunnels give millisecond test times.) 
The test gas—a spark-generated plasma—is first speeded to supersonic ve- 
locity by a convergent-divergent nozzle. Further acceleration to hypersonic 
speed is accomplished by crossed magnetic and electric fields. Selective control 
of plasma generator and crossed fields gives wide choice of test-gas velocity 
and temperature. A-C developed the new facility in co-operation with MHD 


Research Inc., Newport Beach, Calif. 
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Topics 


January in June: A British manufac- 
turer, Mobile Jet Dispersals Ltd., has 
announced a snow-clearing machine 
which can dispatch a 6-in. deep layer 
of snow on a 9-ft front at the rate of 
4 mph. Also capable of doing away 
with 7-ft drifts, the Snow Locust has 
an adjustable working head on the 
front with swirl-type oil burners which 
are pressure-fed with oil and air. After 
the snow has been melted, a rotary 
brush and a squeegee sweep away slush 
and water. 

a 

New light on an old civilization 
gives a clue to its age. Dr. George C. 
Kennedy and Dr. Leon Knopoff, of 
the University of California Institute 
of Geophysics, have dated pieces of 
pottery and lava as old as 100,000 
years by inducing thermoluminescence, 
which is caused by radioactivity in 
materials. Heating a substance to be- 
below the point at which light is 
given off releases thermoluminescence 
—a result of freeing electrons trapped 
in the solids.) Number of electrons 
trapped increases with age of the ma- 
terial; therefore, the glow indicates 
relative age of the material. 

e ee 

From the city of brotherly love 
comes an invention that makes it al- 
most fun to be hit by a car. A pedes- 
trian protector developed by David 
Gutman consists of a cushion across 
the car’s hood and _spring-operated 
telescoped tubes which, when released, 
grasp a struck pedestrian and keep him 
from falling to the pavement. The 
tubes are out of sight when not in use. 

e ee e 

Bread paper may soon be made of 
polyethylene. This was one of the po- 
tential uses for plastic suggested by 
some 1200 consumers polled in 17 ma- 
jor cities. Other applications suggested 
for plastics were milk carton coating, 
book covers, toothpaste tubes, and 
thread spools. 

e ee 

The wheels of justice are grinding 
exceedingly faster in New York County, 
thanks to three IBM machines. A key 
punch and electric impulse machines, 
which handle punch cards, have taken 
over the job of selecting jurors. The 
new system is estimated to be nine 
times faster than random selection of 
paper ballots from a barrel. By free- 
ing clerks from paper work (they'll 
have more time to interview prospec- 
tive jurors), the system should also 
apportion jury duty more equitably, 
increase the number of jurors sum- 
moned, and foil those who would 
dodge jury duty. In its first assign- 
ment, the equipment selected and typed 
a list of 1300 jurors in 25 minutes—a 
job that would have taken 7 manhours. 
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DESIGN 
WITH WELDED 
TUBING 





WELDED STAINLESS TUBING AND PIPE in antibiotics production 
DIMENSIONALLY UNIFORM for precision fabrication 
SOUND, SMOOTH SURFACES—easy to clean! 


Welded tubing of tough stainless steel is a designer’s 
dream for pharmaceutical applications. Here is where 
elaborate networks for transfer piping call for all of 
welded tubing’s advantages . . . predetermined uni- 
formity of wall thickness . . . consistent roundness 
... smooth, readily cleaned surfaces, inside and out. 

These inherent qualities confer ease and speed in 
complex fabrication. Welded steel tubing is adapta- 
ble to all types of fittings. Every type of joint can 
be produced. Forming is precise because welded 


tubing is dependably accurate in dimension in every 
size, length after length. 

Complete design data is available to you from 
FSTI headquarters. Ask for comprehensive Bulletin 
8591 . . . and for assured application satisfaction, 
specify welded tubing from a quality tube producer. 


FORMED STEEL TUBE 
INSTITUTE, INC. 


1604 Hanna Building, Cleveland 15, Ohio 


e Armco Steel Corp. « The Babcock & Wilcox Co., Tubular Products Div. « The Carpenter Steel Co., Alloy Tube Div. » Clayton Mark & Co. « Damascus Tube Co. « Jones & Laughlin Steel Corp., 
Electricweld Tube Div. « National Tube Div., United States Steel Corp. « Ohio Seamless Tube Div. of Copperweld Steel Co. « Republic Steel Corp., Steel and Tubes Div. Revere Copper and 
Brass Inc., Rome Manufacturing Company Div. ¢ Sawhill Tubular Products, Inc. « Southeastern Metals Co. ¢ The Standard Tube Co. Superior Tube Co. « Trent Tube Co., Subs. Crucible 
Steel Co. of America « Union Steel Corp. ¢ Van Huffel Tube Corp. ¢ Wall Tube & Metal Products Co. LC-602 
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Convertible Cooling for Light Diesels 


Eight out of ten parts can be interchanged between water- dustry, engines have from one to four cylinders. Simple 
cooled and air-cooled models of a new German diesel- and rigid, all models feature alternate (front or rear) power 
engine line. Parts for the two types are exactly the same take-offs and operating speeds of 2000 rpm. Power rat- 
except for cylinder heads. Designed by Daimler-Benz AG, ings vary from 20 to 80 hp. Two-cylinder engines are pic- 
Stuttgart, to cut down replacement stocks needed by in- tured (air-cooled engine, left; water-cooled, right). 


Continuous Annealing Process Upgrades Strip Metal 


PrrtssuRGH — Flash annealing of 
strip and sheet products may be the 
long-sought continuous-production 
process for the sheet-metals indus- 
try. The development, by Penn 
Induction Corp. and Pennsylvania 
Electric Coil Corp., uses a technique 
called “transverse flux induction.” 


In conventional annealing proc- 
esses, metal coils are stacked in gas 
or oil-heated furnaces. Since strips 
are not unwound, heat must work 
towards the center through succes- 
sive layers of metal. This means 
that outside layers remain at an- 
nealing temperatures longer than 
those in the center, so that grain 
growth varies considerably from 
one end of the coil to the other. 


Although metallurgists knew that 
flash annealing produced a uniform 
fine-grained metal, no way of ap- 
plying uniform heat could be found. 

However, after a four-year study, 
PIC learned how to overlap flux from 
adjacent coils so as to eliminate cold 
gaps in the moving metal strip. 


10 


Unwinding, heating, cooling, and rewinding all at the same time, coils can be 
stress relieved faster and more uniformly with the aid of a flash heater. Grain 
sizes produced are about a quarter of the size of those in strip metal from a 
conventional annealing oven, giving a sheet that is easily deep drawn. 
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*Inland Ledloy License 


Aristoloy Leaded increases hob speed 50%... 





prolongs tool life 50% for [Boston Gear | 





Together these add up to 100% satisfaction with Aristoloy detectable difference in physical properties from the 
Leaded* steel. By switching to Aristoloy Leaded, Boston unleaded steel used earlier. 

Gear now machines three 7” Spur Gears per hour. Best 

production achieved on the steel previously used was For complete information about 

two per hour. Aristoloy leaded or standard analyses 

With Aristoloy Leaded, 24 gears are cut before the hob carbon, alloy, and stainless grades, 

needs sharpening . . . only 16 were possible with other write for booklet entitled, ‘‘A Complete 

steel used by Boston Gear. Line of Leaded Steels,"” and new Prod- 

Strength and hardness of the finished part show no ucts and Facilities Catalog. 


DIVISION OF 


BiiGiete 
COPPERWELD 
|__STEELS STEEL COMPANY 


il 


ARISTOLOY STEEL DIVISION © 4017 Mahoning Ave., Warren, Ohio EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 


June 9, 1960 Circle 409 on Page 19 Il 





ENGINEERING NEWS 





Fuel Cells Start Rolling 


PHILADELPHIA, Pa. — Mass pro- 
duced fuel cells, many times more 
powerful than any demonstrated so 
far, may result from an agreement 
signed recently. Calling for the de- 
velopment of a fuel cell to power 
industrial trucks, the agreement is 
between Electric Storage Battery 
Co., and twelve material-handling 
equipment manufacturers. 

Exide announced that some major 
obstacles have been overcome in the 
direct conversion of zinc-oxygen 
chemical energy to electricity, and 
that their cell is strikingly different 
from previous gaseous-fuel cells. Ad- 
vantages of the new cell! are claimed 
to be: 
® Operation at near-normal tem- 
peratures and pressures 
¢ No waste products to be removed 
© No theoretical limit on physical 
size or shape 
® Can be scaled up or down in size 
for various power requirements 

Oxidizing zinc in a potassium hy- 
droxide electrolyte as oxygen is ad- 


Power for racer is provided by the prototype of an Exide zinc-oxygen fuel cell. 
Tank contains oxygen that is admitted under low pressure into the cell, where 
power is produced by oxidizing zinc fuel in potassium hydroxide electrolyte. 


mitted under low pressure, the cell 
can power a heavy industrial truck 
continuously for 16-24 hr. Then, 
the cell can be recharged electrical- 
ly (reversed), to restore it to full 


Eccentric Liner Varies Vane-Pump Flow Rate 


power potential. Alternatively, the 
discharged zinc electrode can be re- 
placed with a new one for more 
continuous operation, and the used 
one turned in for credit. 








3-Neutral (no flow) 


4-Reverse flow 








Turn of a dial will vary the flow rate of a rotary pump from 
full capacity forward to full capacity reverse while the drive 
motor continues to run at constant speed. The dial oper- 
ates a rack and pinion which rotates an eccentric liner to 
change the pump’s effective displacement. Blackmer Pump 
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Co., Grand Rapids, Mich., expects to find applications where 
adjustable delivery rates are desirable, or where one pump 
must deliver liquids of different viscosity, such as diesel oil 
and kerosine. Pumps will be manufactured in three sizes 
with capacities up to 450 gpm. 
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Torrington Drawn Cup Roller 
Bearings Used in Valiant’s Alternator 


Compactness, efficiency, economy, reliability... these are outstanding 
features of Chrysler Corporation’s exciting new small car... and of 
Torrington Drawn Cup Roller Bearings. Used by Chrysler in the Valiant’s 
new alternator system for electrical power generation, these bearings 
provide smooth, trouble-free operation and long service life without need 
for relubrication. 

Torrington Drawn Cup Roller Bearings offer performance advantages 
in all types of generators and appliance motors. The cost is remarkably 
low ... in many cases, armature bearing costs have been lowered by as 
much as 50%. For advice on the application of Torrington Drawn Cup 
Roller Bearings to your specific problems, call or write your nearest 
Torrington district engineer. 


progress through precision 


Circle 410 on Page 19 

















Armature-mounted Torrington Drawn 
Cup Roller Bearings offer these out- 
standing advantages: 


* Highly efficient roller guid- 
ance 


* Ample provision for lubricant 
storage and circulation 


* High capacity in small cross 
section 


* Long pre-greased service life 


¢ Outstanding efficiency at 
high speeds 


¢ Easy mounting by press fit 
¢ Simple housing design 
* Low unit cost 


TORRINGTON BEARINGS 


Torrington, Conn. * South Bend 21, Indiana 
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Designers Sell Man Short 
Says U-M Psychologist 


Detroir—Too many designers of 
man-machine systems start with the 
machine, then see if there’s any- 
thing left over for the man to do. 
“This is very costly . . . really no 
more reliable in the long run than 
starting with the man first, then 
filling in what he can’t do with ma- 
chines,” says Dr. Ward Edwards, 
staff psychologist, Willow Run Lab- 
oratories, University of Michigan. 

Challenging the machine-centered 
philosophy of design, Dr. Edwards 
blamed the growing reluctance to 
use human skills on three overrated 
axioms: 
¢ Man is unreliable; therefore, de- 
signers should never require his 
services except as a last resort. 
@ Man’s intellectual skills—while 
handy when a task can’t be 
mechanized—are poorly understood. 
Call in an expert to worry about 
his training. 
@ When allocating a function that 
can be performed by man or by 
machine, assign it to the man only 
if he can approach the machine’s 
performance specifications. 

“Obviously I am not arguing that 
everything should be manually 
controlled,” says Edwards. “But I 
am arguing that before anything 
is made automatic, the designer 
should ask: Why should it be au- 
tomatic?” If there is not a good 
answer in terms of system effec- 
tiveness, operator satisfaction, re- 
duced cost, then the automatic fea- 
ture is probably unnecessary. 

He cited four basic skills at which 
man can excel any machine: 
¢ Pattern perception—No system 
now available contains any alter- 
native to man for interpreting com- 
plex, patterned displays. (For ex- 
ample, nobody has designed a ma- 
chine that can pick objects of mili- 
tary interest from a photograph.) 
© Reliability—Man makes more 
mistakes than machines, but when 
he’s trained, he isn’t likely to re- 
peat the mistake. He also detects 
and corrects his own errors. 
@ Judgment—The ability to trans- 
late uncertainty into probability. 
e Long-term memory — “If you 
want to remember small amounts 
of material for short periods, use 
computers,” says Dr. Edwards. For 
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large bodies of information, where 
cross-indexing is required, or for fast 
access, rely on human memory. 

Summing up, Dr. Edwards says: 
... a human-centered design phil- 
osophy is, in the long run, inevitable 


“ee 


Thermoplastic Netting in 


Beh 


Sheets and Tubes 


for all civilian man-machine sys- 
tems. As long as we have lots of 
men around, we are going to have 
to use them. And as long as we 
are going to use them, we might 
as well use them right.” 


ic 


Three basic patterns for rigid and flexible Vexar plastic netting are, left to 


right, twill, plaid, and diamond. 


The two diamond patterns at the bottom 


show the wide variety of mesh sizes and filament diameters possible. Insets 
illustrate some of the applications investigated to date. 


Witmincton, Det.—Extruded di- 
rectly in net form, new plastic net- 
ting has intersections between 
strands that are stronger than the 
strands themselves. For the first 
time, these intersections are an in- 
tegral part of the material, rather 
than an interwoven or heat-sealed 
addition. And properties of the 
screen-nets can be widely varied 
to provide a wide range of sheets 
or tubes. 

Mesh size and pattern, filament 
diameter, strength, stiffness, and 
color can all be varied. The end 
product retains chemical and phys- 
ical properties of the basic resin. 
Initial versions, made from poly- 
ethylene resins, are chemically 
inert, flexible, and resist moisture, 
rot, and mildew. 

Manufactured by the Film Dept. 
of Du Pont Co. and called Vexar 
netting and piping, the plastics can 
be made with strand diameters from 
15 mils up. Mesh size can be varied 


from 16 counts to the inch—smaller 
than normal window screening—to 
more than one inch between 
strands. 

Three basic patterns are avail- 
able: 1. Diamond—intersection 
strands are on the bias to the di- 
rection of extrusion. 2. Twill—one 
strand parallels the extrusion direc- 
tion, but the other is on the bias. 
3. Plaid—version of diamond in 
which strands are grouped and 
spaced unevenly. 

Early applications center around 
the protective/decorative utility of 
the materials. Examples: 


e Flat and flexible black netting in 
portable auto seat pads. 

¢ Semirigid piping (in a variety of 
colors) used as protective sleeves 
over highly polished tubular ma- 
chine parts. 

e Protective sheaths over metallic 
heating elements (to decrease the 
incidence of burned fingers). 
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New Precision for Ceramics 


Sub-miniature ceramics can now be 
manufactured to what are called 
“impossible” tolerances. A new proc- 
ess, developed by American Lava 
Corp., Chattanooga, Tenn., allows de- 
signers to call for precision components 
in any of the AISiMg compositions. 
For example, the webs (above) are 
held to within 0.001 in., and toler- 
ances on concentricity are comparable. 
The process has been thoroughly 
checked out and proven in production, 
ALC spokesmen report. 


Infusible Foam 
For Ablation Coating 


Nortu Haven, Conn.—A heat re- 
sistant urethane foam may broaden 
horizons in the fields of structural 
insulation for missiles and high- 
speed planes. The material, devel- 
oped by the Carwin Co., is dimen- 
sionally stable up to about 500 F. 
Some weight loss and shrinkage oc- 
cur at these temperatures, but the 
company claims their material re- 
tains 45 to 65 per cent of initial 
compressive strength even at 600 F. 
The foam will not revert to a liquid 
or plastic state although, at about 
1000 F, carbonization occurs. 

The new foam is an isocyanate, a 
mixture of low-molecular-weight 
polymers. Volatility is correspond- 
ingly low, so that the problem 
of toxicity is materially reduced. 

Unrestricted-rise densities avail- 
able in the series range from 3 to 
40 Ib per cu ft. Coefficient of ther- 
mal conductivity of the 3 lb per cu 
ft foam at 325 F is only 0.26, and 
high dielectric strengths are also re- 
tained at this temperature. 

Suggested uses are for vibration 
damping and as an ablation coating 
for re-entry vehicles. 
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e wer a i 


sepower Rating 


LEWELLEN 


VARIABLE PULLEY HORSEPOWER 
TORQUE CHARACTERISTICS 


The LEWELLEN Variable Pulley may locate at motor shaft or 
driven shaft. 

The location chosen obtains constant torque or constant horse- 
power characteristics, and adapts the Variable Pulley to the work 
load pattern. 

Speed ranges of 3:1 and 4:1 are available. Fastest speeds may 
exceed motor speed. 

Ratings are fractional to 25 H. P. Class II—1.4 service factor 
applies to all ratings. 

There are several other characteristics of the LEWELLEN 
Variable Pulley that make it particularly useful and adaptable 
for accomplishing variable speeds. 


We would like for you to have 
our Catalog 70 if you are interested. 


Manufacturing Company. Columbus, Indiana 


Distributors in all Industrial Areas 
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Engineers at the Bobrich Products Corporation, Beacon, 
@ New York (manufacturers of automatic electric blankets 
and the Golden Touch Massage Lounge) were trying 
HB to make reliable circuit connections the hard way. 


They raised the cover turret (illustration, below) on their 
massage lounge a few inches then poked a hot iron. 
through the narrow opening to solder the leads. 

Trouble was it took too long, it was hard to see and 

they were never sure that a reliable, permanent 
connection had been made. 


The firm eliminated its problem very neatly with the 
qi T 4 ee A-MP Faston Receptacle. Bobrich now terminates all leads 
solderlessly before they're installed. Production rates 
HB have skyrocketed to thousands per hour with the 


A-MP Automachine—and, when the turret is fitted over 
the motor unit, it needs to be lifted only a few inches 
to permit quick manual insertion of the A-MP 

Faston Receptacles onto the waiting tabs. 


Bobrich got a tremendous boost in production, 
saved expensive time and now has assured, 
uniform reliability with each Faston. 


You, too, can have all these advantages by using 
A-MP Faston Receptacles in your circuits. 

For the full story, including technical data, 

send for our Faston Catalog. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada e England « France « Holland « Japan 
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Reader 
Information Service 


SUBJECT INDEX 


|DESIGN| 





Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Actuators, Edit. 282; Adv. 106, 289 

Adhesives, Edit. 245 

Alloys, high temperature, Adv. 54, 112 

Aluminum and alloys, Adv. 68, 75, 77, 
260, 269 


Amplifiers, Adv. 40 
Axles, Adv. 115 


Balls, Adv. 41, 260 
Batteries, Edit. 214 
Bearings, 
ball, "hie. 21, 80, 123, 247 
oom, v.20, 
needle, Adv. 188, 240 
roller, Adv. 13, ‘a, 188, 236, 247, 262, 
back cover 
shaft, Adv. 256, 264 
sleeve, Edit. 197; Adv. 221, 293 


Bellows, Edit. 246 

Belts, transmission, Adv. 97, 111 
Bimetals, Adv. 248 

Blowers, Adv. 228, 242 

Books, Edit. 278 

Brakes, Edit. 282; Adv. 68, 285, 295 
Brazing alloys, Adv. 110 

Brushes, commutator, Adv. 290 
Bushings, ball, Adv. 203 


Calculating weight and volume, Edit, 185 
Castings, 
centrifugal, Adv. 233 
die, Edit. 23 
iron, Edit. 198; Adv. 44, 205 
nonferrous, Adv. 75, 120, 276 
Ceramics, Adv. 270 


Chain, 
conveyor, Adv. 116 
transmission, Edit. 219 
Circuit breakers, Edit. 282 
Clutches, Edit. 212, 220; Adv. 243, 294 
Coatings, protective, Edit. 248, 264; Adv. 
257, 291 
Cold heading, Adv. 246 
Computer, Edit. 22 
Connectors, electric, Adv. 291 
Contactors, Adv. 130 


Controls, 


electric, Adv. 64 » 82, 196, 252 
mechanical, ‘Adv. 229 


pneumatic, Adv. 286 


Converters, Adv. 29 
torque, Edit. 178 


Counters, Edit. 234; Adv. 230 
Coupli 

fluid flow, Adv. 277 

shaft, Edit. 284; Adv. 222, 227, 243 


Cylinders, 
a Edit. 224; Adv. 108, 119, 193, 


*.. A Adv. 93, 108, 119, 193, 215 


Dials, Edit. 227 
ar equipment, Adv. 70, 99, 125, 289, 


fo adjustable _ Adv. inside front 
cover, 2, 37, 109 


Ducts, Edit. 284 


Electric equipment (see specific type) 
Rome sneer. Edit. 36, 149, 241; 
Vv. 


Engineering department (see Management 


or Drafting) 
Engineering technician, Edit. 25 
Engines, Adv. 200, 241, 261 
Error analysis, Edit. 152 


Facilities, general, Adv. 286 
Fans, Adv. 191 
Fasteners, 
bolts, studs, screws, Edit. 212; Adv. 48, 
92, 210, 222, = 239, 273, 281 
insert, Adv. 263, 27 
nuts, "Adv. 201, 231, 458 
pin, Adv. 293 
retaining rings, Adv. 114 
rivet, Adv. 202, 210 
Feeders, oils Edit. 197; Adv. 198 
Finishes (see Coatings) 
Fitvings, pipe, tube, and hose, Edit. 234 
Forgings, Adv. 77 
Friction materials, Adv. 271 


Gages (see Instruments) 

Gaskets, Adv. 72, 254 

Gears, Edit. 172; Adv. 7, 234, 244, 268, 
288, 294 


Generators, electric, Edit. 263; Adv. 47 


Heaters, Adv. 214 
Hose, metallic, Edit. 263; Adv. 31, 67 
Hydraulic equipment (see specific type) 


es * same Edit. 42, 166, 168, 241; Adv. 


Jacks, worm gear, Adv. 238, 292 


Latches, Edit. 237; Adv. 232 
Lighting, Edit. 149, 228; Adv. 295 
Linkage dynamics, Edit. 173 
Lubricants, Edit. 22, 30; Adv. 79 
Lubrication, 


equipment, Adv. 226 
systems, Edit. 199; Adv. 124 


Magnets, Edit. 216; Adv. 198 
Materials handling equipment, Edit. 28; 
Adv. 288 


Meetings, Edit. 44 
Metals (see specific type) 
Magen equipment, Edit. 169; Adv. 


Meters, Adv. 285 
Motors (electric), 
fractional an 


integral hp, Edit. 237, 
; Adv. inside front cover, 1, 37, 
47, 50, 56, 60, 85, 95, 113, 220 
gearmotors, Edit. 260; Adv. 88, 118, 286 
subfractional hp, Adv. 95, 194, 195, 209, 
inside back cover 


Motors, pneumatic, Adv. 58 
en vibration and shock, Adv. 2!1, 


Nickel and alloys, Adv. 73, 105 
Organic finishes, Edit. 136 


Packings, Adv. 87 
Perforated metals, Adv. 245 
Plastics, Edit. 23, 30, 238, 253, 264; Adv. 


ee eee ee ee nn ee oe Se aes available in libraries, generally. 


Microfilm copies are available from University Microfilms, 313 N. 
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52, 65, 87, 217, 218, 257, 284 
laminates, Adv. 57 
Plugs, Edit. 222 
Pneumatic equipment (see specific type) 
Potentiometers, Edit. 250 
Powder metallurgy, Adv. 235 
Power supplies, Edit. 268 
ni (see also Sheaves), Edit. 212; Adv. 


Pumps, 
hydraulic, Edit. 246; Adv. 74, 89, 94, 
2, 246 


Pushbuttons, Adv. 61 


Recorders, Edit. 167, 170 

Reducers, speed, Adv. 71, 86, 102, 244, 
inside back cover 

Relays, Adv. 35, 42, 61, 82, 130, 237 

Resistors, Adv. 225 

Rheostats, Adv. 225 

Rubber, Adv. 91, 127, 128, 253 


Screws, power, Adv. 287 
Seals, Adv. 46, 59, 91, 100, 249, 266, 272, 
285, 295 
mechanical, Adv. 224 


Shafts, Adv. 115 
flexible, Adv. 292 


Shapes, special, Adv. 208 
oo (see also Pulleys), Edit. 228; Adv. 
4 


Shims, Adv. 117 
Silicones, Adv. 199 
Slip rings, Adv. 214 
Springs, Edit. 212, 231; Adv. 81 
Sprockets, Adv. 219 
Starters, motor, Adv, 131, 251 
Steel, Adv. 11, 33, 267, 275 
— Adv. 24, 43, 48, 90, 206, 275, 


Switches, Edit. 150, 248, 260; Adv. 106, 
121, 131, 132, 196, 207, 252, 289, 294 
Systems, pneumatic, Adv. 133, 216 


Tape, Edit. 233 

Telephones, Edit. 171 

Terminals, Edit. 214; Adv. 16 

Thermocouples, Edit. 184, 259 

Thermostats, Edit. 253; Adv. 248, 293 

Thermal stresses in design, Edit. 159 

Timers, Adv. 83, 256 

Transducers, Edit. 268 

Transmissions, adjustable speed, Edit. 254; 
Adv. 296 


Tubing, 2 222, 254; Adv. 5, 9, 48, 


Universal joints, Adv. 213, 242, 264 


Valves, 
hydraulic, Edit. 220, 233, 242, 256; Adv. 
27, 98. 103, 122, 129, 134, 265, 282, 
288, 290 
pneumatic, Edit. 212, 220; Adv. 76, 100, 
103, 134, 288, 290 


Ways, Adv. 250 

Welding, Edit. 189; Adv. 96 

Wire and wire products, Adv. 101, 206, 
255, 283 
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USE A YELLOW CARD 
| for More Information... 


CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 204 


Porous Metal Pushbutton Switches 
Motor Controls Air and Hydraulic Cylinder ........+. 
Fluid Drives Electromechanical Components 
Projector-Printer Welded Steel Tubing 

Machining of Teflon . 
Teflon-Insulated Wire Stock and Special Gears 
Corrosion-Resistant Fittings Electrical Meters and Accessories .. 
Photovoltaic Cells Motor Application Guide 
Tandem Cylinders Pneumatic Instruments 
Precious Metals Miniature Strain Gages . 
Stepping Motor Rotary Pump Selection 
Solenoid Valves Switch-Circuit Assemblies 
Coaxial Connectors Small-Size Cylinders 
Mercury-Plunger Relays Welding Equipment 
Rotary Switch 
Instrument Components 


Insulating Varnish 
Rotary Pumps Industrial Hose 


Electronic Component Parts Portable Testing Machines 
Impulse-Counting Devices Sensing and Measuring Devices 
Direct-Recording Oscillograph Hydraulic Pump 

Molded V-Belt Powdered Polyethylene 
Variable Transformers Perforated Metal 


NEW PARTS & ENGINEERING EQUIPMENT — descriptions start on page 212 


Heated Gages and Valves 
Potentiometers 


Tapping Screw Weatherproof Motors 

Ball Clutch and Back Stop High-Gloss Plastic 

Ball-Bearing Pulleys Photoelectric Cells 

Tension Liquid Spring Transistor Clip 

Sleeve Valve 

Manganese Battery 

Solder Terminal One-Component Adhesive . 

Zippered Tubing Bellows Assemblies 

Permanent-Magnet Alloy Coolant Pump 

Roller Chain 

Miniature Positive Clutch High-Heat Paint 

Solenoid Valve Multiturn Potentiometer 

Glass Capillary Tubing Instrument Motor 

Miniature Plugs Glass Laminate 

Hydraulic Cylinders Bimetal Dise Thermostats 

DC Timing Motor 

Silicon Diodes Rolled Epoxy-Glass Tubing 
Solenoid Valves 

Variable-Speed Sheaves Rotary DC Solenoids 

Spring Wire Swage-Type Thermocouples 

Reversible Timing Motors Snap-Acting Switch 

Pressure-Sensitive Tape Gear Motor 

Three-Way Valve Glass Fabric Hose 

Electric Counter Motor-Generator 

Spray Nozzle Coil Cans 

Container Latch 
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Why use this so-called 


Cyade-taite| aha 


bearing (AFBMA No. efelsYoutoy 


when all you need is this 


News Roun taadiae 
Reali-Slim bearings ‘off the shelf’ 
+-prices slashed up to 76% 


Up to 85% lighter, up to 70% narrower 
than tne lightest of the “‘extra-lights” 


*Five of the six series 
of Type ‘“‘CP’’ Reali- 
Slim bearings are 
smaller in cross section 
than the AFBMA 
standard ‘‘extra-light”’ 
series bearing shown 
above. 


June 9, 1960 


More than 80% of all present standard 
“extra-light” series bearing installations 
never require the full capacity of the bearing. 
Kaydon now trims this expensive bearing 
excess! Kaydon Type “CP” Reali-Slim bear- 
ings match proper size, weight and capacity 
to specified shaft sizes. Overcapacity need 
no longer hamstring your product designs. 
Here’s why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), 


nx KAYDUN 


—_________ MUSKEGON-MICHIGAN as 
All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . . . 


Kaydon Reali-Slim KA-40-CP 





width and cross section remain the same for 
all bearing sizes in any one series. 
Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 
1/4,” width and cross section. Result: new 
opportunity to save on cost, size, and weight 
. in bearings and adjacent components. 
Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial con- 
struction . .. and new bronze one-piece snap- 
over separator in 4” to 12” bore — 14." to 1” 
width and cross section. Kaydon’s volume 
production cuts prices as much as 76%, de- 
pending on size. Write for free, fact-filled 
“CP” bearing bulletin — with prices! 


ENGINEERING CORP. 


Taper Roller 


Roller Thrust * Roller Radial « Needle Roller « Ball Radial * Ball Thrust * Four-Point Contact Bearings 
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= TRENDS 


coming: instant steel 


Open-hearth furnaces can be doubled in capacity, and heating times cut in 
half by a new process that completely revises open-hearth steelmaking. 
Developed by Ford Motor Co., and still in the experimental stage, the tech- 
nique achieves higher temperatures and faster chemical reactions by heating 
the steel with oxygen-fuel “lances” and replacing traditional limestone with 
burned lime. Production will be limited, Ford spokesmen report, until new 
oxygen-producing facilities are completed, but trial heats have yielded 100 
tons per hr from furnaces that normally produce 40 tons. Ford hints that 
steel-price reductions may become possible, but points out that the process 
won’t affect cost of scrap steel and hot iron, or cost of rolling and shaping. 


keeping up with the computers 


Convinced that a drastic increase is needed in the number of “computer 
specialists” in the U. S., IBM will open a new Systems Research Institute in 
New York this fall. Described as the first of its kind, the institute will be a 
“graduate level school” aimed at turning out people qualified to find com- 
puter-system solutions to the most complex business and scientific problems. 
Entrance requirements will be “stiff,” according to IBM president, Thomas 
J. Watson Jr. Curriculum will include systems design, advanced programming, 
and business-simulation techniques. Enrollment this fall (limited to IBM 
personnel) will total 30 students, is expected to grow to 400 students annually 
and include outside applicants. 


astronauts and icepicks 


Freezing liquids and gases may be one way to relieve the space-traveler’s 
storage problems, once he leaves the earth’s atmosphere. Donald H. Robey, 
Convair (Astronautics) design specialist, reports that volatile fuels could 
be stored externally on the shadow side of a space vehicle where they would 
act as a meteor deflector. Frozen waste products, mounted on the front of 
the vehicle, could serve the same purpose. Further exploring the properties 
of ice in space, he suggests ice-welded structural designs, and notes that re- 
turning space ships could be coated with ice to help absorb the heat generated 
by friction during re-entry. 


additives build up solid lubes 


Solid lubricants with 20 times their normal load-bearing capacities have 
been produced by General Electric scientists through the use of several in- 
organic additives. In one laboratory test, silver sulfide (the additive) was 
“incorporated” into molybdenum disulfide and used as the lubricant for a 
14-in. diameter chrome alloy steel hemisphere sliding over a mild steel surface. 
Load bearing capacity of the souped up lubricant was 5.3 kg, versus 0.25 kg 
for pure molybdenum disulfide. GE researchers report that even better re- 
sults are obtained when the lubricants are used on relatively hard surfaces, 
such as chromium. They also report that various other additives have proved 
equally effective in bolstering the strength of several common solid lubricants. 





more automotive jobs for plastics 


Gasoline tanks will probably be the next auto component to “go plastic.” 
Dr. Herman Mark, professor of organic chemistry, Polytechnic Institute of 
Brooklyn, recently told SAE members that tanks made from fire resistant 
fiberglas reinforced polyesters could provide an equivalent volume at one 
fifth the weight of steel tanks. No major fabrication problems would be 
involved—adhesives would seal’ all the joints. Other possibilities are plastic 
windows and windshields. Some plastics now have optical properties as 
good as glass, and, in addition to the weight advantage, would be ice-free 
in winter because they are hydrophobic. 


doctor-designers 

If any significant progress is to be made in bridging the gap between medi- 
cine and the physical sciences, a new breed of professional worker will be 
needed who is competent in both fields. ‘This could well lead to a new 
profession, known as medical engineering and backed by formal academic 
training, according to Hans H. Zinser, M.D. of Columbia University’s Col- 
lege of Physicians and Surgeons. Dr. Zinser told a recent medical electron- 
ics session in New York that a curriculum in medical, or biomedical, en- 
gineering might well comprise a four-year undergraduate program and a 
six year post graduate schedule leading to PhD. Emphasizing the impor- 
tance of medical engineering, Dr. Zinser said: “Technology can derive very 
real gains from the intimate analysis and replication of biological devices. 
In the field of transducers, orientation mechanisms, and information inte- 
gration, many biological systems transcend any mechanical systems thus 
far devised.” 


nitrogen gets a metalworking job 


Fostered by the missile and aircraft industry, explosive forming continues to 
gain acceptance throughout U. S. industry. The same situation is apparently 
true in the USSR, where the process is taking on some new twists. Soviet 
engineers report that they are die-forming metal parts through the use of 
nitrogen. The equipment they utilize takes advantage of the shock-type 
expansion created when liquid nitrogen is suddenly permitted to expand 
at room temperature. Transition from liquid to gaseous state occurs in one 
second. One liter of liquid produces 609 liters of gas, and pressure buildups 
of over 8000 psi are reported. 


dyed diecastings 

Although it is generally assumed that aluminum color-anodizes easily, alu- 
minum diecastings have been a notable exception. But the Hamilton Die 
Cast Co., Hamilton, Ohio, claims an alloy and a process of theirs will do the 
trick, and may cause some second thinking in design offices. The new alloy 
—not pure aluminum, the company notes—is stronger and less brittle than 
the usual diecast alloys. Colors obtained are crisp and controllable—but 
Hamilton Co. isn’t talking about the details of their process. 
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NEW SUPER STAINLESS STEELS SHED CORROSION 


PH55A and PH55B are the new super stainless steel alloys developed by Cooper Alloy 
Corp. to resist those corrosion-erosion, corrosion-abrasion attacks which cannot be 


handled by most extisting alloys. 


These alloys have high strength and high hardness even at temperatures elevated to 
1000°F-1400°F. PH55A is particularly recommended for applications where pitting corro- 
sion is the problem. PH55B, more ductile, is suited for applications where corrosion 
resistant parts are subject to stress and shock. Write today for Form PH55. 


COOPER @)aLtoy 


Hillside, New Jersey 
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Close-up of the 


technician: 


_ Engineering 
- Semipro? 


3—Managers 


Can't Decide 


UNIOR engineer, trainee, tech- 

nical assistant, pair of hands .. . 
managers view the technician in 
many different ways. Opinions 
can’t be averaged out, but they 
usually fall between two extremes: 
1. He’s a helper going through an 
early stage in his career, of little 
real use unless he earns full-engi- 
neer status. 2. A pro in his own 
right, he’s a member of a separate 
group, one related to engineers like 
orchestra members to composers— 





This article, outlining man- 
agement attitudes toward 
technicians, is third in a series 
based on a complete report: 
Managing Technician Man- 
power, available from Tech- 
nical Manpower Associates, 
P. O. Box 158, Scarsdale, 
N. Y. 
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competent, but concerned with 


smaller-scale problems. 


Advocates of the separate-group 
notion go along with the views of 
G. Ross Henninger, director, Na- 
tional Survey of Technical Insti- 
tute Education: 


e@ “Technician” is not a dumping-ground 
category for those who can’t make the 
grade in engineering. As a matter of 
fact, most of the misfit engineers would 
be just as miserable if they were en- 
gineering technicians. 


To this, William G. Torpey, of the 
President’s Committee on Scientists 
and Engineers, adds: 


e Another difficulty is due to con- 
sidering the technician as an engineer- 
Although his normal path 
for advancement may seem to lie in the 
engineering classification, in practice, the 
proper path should be within the frame- 
work of his own education and ability. 


in-training. 


The Pro Profile 


Managers tending to accept the 
technician recognize his respectable 


contribution to the technological ef- 
fort. They don’t push him into 
becoming an engineer, nor do they 
grant him equal status with engi- 
neers. Rather, by classifying him 
in a group apart, they keep tech- 
nicians out of engineering ranks. 
In general sympathetic managers 
make these concessions to the tech- 
nician’s professional standing: 


© He does his best work when 
given real responsibility. 


¢ Assignments of a professional na- 
ture can be adequately handled by 
a technician team that reports to 
a senior technician. 


© Duties of able technicians should 
exclude assignments that are strictly 
manipulative or clerical in nature. 


e Engineers need to be trained in 
how to use a technician more ef- 
fectively and to understand his 
proper place on the technological 
team. 


e Technicians are not junior engi- 
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Promoted 
? (to engineer, administrator, etc.) 
a out of technician ranks 
Promoted to 
" supervisor” 
Promoted to 
"senior technician" 











Salary increase 





Salary increase 





Promoted to 
“technician” 





Merit raise 








Beginner 


How Far to the Top? 


Fechnicians have four avenues of advancement in pay grade and 
responsibility: 

> Merit wage or salary increases. Most companies make it a policy 
to review salaries of technical personnel at regular intervals—from 
every three months to 2!/ years, with the average falling between 
six months and one year. Increases granted range from a nickel 
an hour to as much as ten per cent of salary. In about 20 per cent 
of the companies surveyed, merit raises were the only rewards the 
technician could expect. 

» Job-classification promotion. Many companies offer titles that 
reflect promotion in grade to go along with salary increases. Junior 
technician to technician tc senior technician is one example of title 
changes, but others are also common. 

> Promotion to supervisor. Three out of every four companies report 
supervisory positions are open to technicians—usually in production 
departments. Half the companies use technicians to supervise other 
technicians, 

> Promotion to engineer. Any company will consider a technician 
for an engineering position if he receives a degree from a recognized 
engineering school. Over half will consider him without the degree 
if he has demonstrated unusual ability over a long period of time. 
This promotion is not easy to come by, however. Notions on the limits 
of technicians and concern for status of the engineer generally close 
this possibility to all but the very best. 


Advice to Managers 


Let him know where he stands. Duties of technicians are usually 
unclear, never having been formalized. To correct this: 


¢ Analyze duties of each engineer and scientist. Determine time 
spent by each in various phases of his work. 


¢ Find out what parts of the job can be assigned to technicians. 
¢ Point out (to the engineer) how the technician can save him 
from many detailed jobs. 
¢ Hire qualified technicians. 
Provide incentive for technicians by treating the good ones more 
like pros. Here’s what some companies have done: 
e Put them on salary, take them off hourly wages. 
¢ Don’t make them punch a time clock. 


© Don’t call them “technicians”—“engineering aides” is better. 
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neers, but are a group apart. Al- 
though good ones can become engi- 
neers, respectable and professional 
advancement may also take place 
within the framework of the tech- 


nician group’s structure. 
The Pair-of-Hands Extreme 


The other point of view denies 
the technician any vestige of pro- 
fessional recognition. It sees the 
“good” technician as one who leaves 
the field for the challenge of real 
engineering. ‘Those content to be 
left behind amount to “just pairs of 
hands.” Managers favoring this 
picture of the technician think of 
him this way: 


© He’s in training. Effective utili- 
zation implies training him to be- 
come an engineer. If he can’t make 
the grade he should get into some 
other line of work. 


¢ Teaming up technicians and en- 
gineers is wasteful. Technical-man- 
power pools, available to all the en- 
gineers, reduce the cost of this type 
of personnel. 


© Responsibilities aren’t necessary. 
Even though he may have developed 
special talents, he’s still a technician 
and needs close supervision. 


© His time could be better utilized, 
but this problem is unimportant 
relative to the bigger one: That of 
better utilization of engineers’ time. 


© He needs only narrow training. 
Assignments could be rotated to help 
him develop broader skills, but 
little would be gained. 


Status Depends on the Boss 


Personal working relationships 
between a technician and his su- 
pervisor often determine his status. 
If the supervisor is unquestionably 
professional (an engineer or sci- 
entist), it rubs off on his helpers— 
at least to some degree. On the 
other hand, if the technician’s job 
is considered routine (or if he is 
part of a pool or is bossed by some- 
one of foreman status), he’s not 
likely to establish a free and easy 
interchange of ideas with the engi- 
neers. 

One implication of this situation 
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is quite serious. Educators suggest 
that management’s picture of the 
technician hinges less upon his 
abilities than upon impressions left 
with the engineering staff. To date, 
they point out, acceptance of the 
technician by the engineers has 
been meager. 

The educators follow up this 
argument by claiming rejection of 
the technician is due to general 
misunderstanding of his role in the 
company. They say it can be 
traced to ignorance (misunderstand- 
ing of his form of education and 
lack of prestige for graduates), 
carelessness, and selfish fear of loss 
or compromise of professional posi- 
tion. As C. S. Jones, president, 
Academy of Aeronautics, puts it: 


@ Probably the biggest deterrent has 
been the attitude of the professional en- 
gineer, in many cases unintentional. 
Frequently, he has considered the tech- 
nical institute as a trade or vocational 
school—in many cases a sort of racket 
trying to sell an artisan as an engineer. 


Who Should Supervise? 


The technician’s supervisor de- 
termines his status, but industrial 
practice reveals a broad spectrum of 
supervisory patterns. While most 
companies rely on engineers, senior 
technicians, and production foremen 
to oversee technicians’ work, three 
factors distinguish one setup from 
another: 1, Function of the tech- 
nician. 2. Organizational struc- 
ture. 3. Company size. 

Function of the technician has 
direct bearing on who supervises 
him. In maintenance and testing 
operations, for example, production 
foremen do most of the supervising 
and industrial technicians are as- 
signed to these operations. Their 
work requires a “feel” for produc- 
tion operations and is actually quite 
routine. Other technicians work 
closely with engineers in the de- 
velopment of new designs and prod- 
ucts. They are true engineering 
technicians. Examples all seem to 
follow the same pattern: Engi- 
neering technicians are usually su- 
pervised by engineers; industrial 
technicians work under other kinds 
of bosses. 

Organizational structure deter- 
mines whether technicians will be 
pooled or assigned to specific engi- 
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Series 1617-A 


MAJOR BREAKTHROUGH 
IN HYDRAULIC 
VALVE DESIGN! 


A.C. 4-Way Solenoid Valves 


@ No inrush current 


@ Very fast cycling permissible 
@ No dynamic seals —packless 


@ Compact—light in weight 
@ For pressures to 3000 p.s.i. 
@ Rock-bottom cost 


@ High capacity—low pressure drop @ No coil burn-out if valve sticks 
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Designed for simplified 
stacking or banking 


Here it is—the new pace-setter in A.C. solenoid valves! 
Exclusive Waterman design has eliminated inrush cur- 
rent, making possible fast cycling (in excess of 250 
per minute) without overheating. Standard coils suit- 
able for 25 to 60-cycle current. Weight of %” size is 
less than 6 Ibs., including two solenoids. Closed-center, 
tandem, and two-position types available. Rated 3000 
p.s.i. pressure may be applied to all ports. Working 
parts totally immersed in hydraulic fluid. No moving seals— 
packless. Screw-type electrical terminals in steel housing. 
Also furnished for D.C. operation. 


SEND TODAY FOR YOUR COPY OF NEW CATALOG 2002 


Also suppliers of AN and MS qualified flow regulators and fuses, 
including flow regulators for fuels and cryogenic fluids 
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Technical Jobs Are Getting Tougher 








Engineers: More emphasis 
on the scientific approach, | 
less on handbook engineering. 


Technicians: More practical 
(handbook) engineering, 
less emphasis on testing. 





Caliber of Technical Personne! Needed 





Vocational high-school grads: 
Less sheet-metal work, more 
trouble shooting and testing. 














1960 1970 1980 


Research advances are opening up new engineering fields so fast 
that engineers are hard pressed to keep up with developments. In 
coming years, engineers must take on new tasks. Much of the “shirt- 
sleeves” engineering will be delegated to technicians, who, in turn, 
will pass on old duties to vocational high-school graduates. Tech- 
nical personnel at all levels will be involved in more advanced work. 











Mobile Crane Dozes Own Worksite 


neers. Pooled technicians are gen- 
erally responsible to both a senior 
technician and an engineer, and 
both industrial and engineering 
technicians can be found in a pool. 

Industry is divided on the or- 
ganizational-structure issue. Some 
companies feel that the team rela- 
tionship tends to bog down engi- 
neers with administrative details, 
and that much of the technician’s 
time is wasted if he is tied too 
closely to one project. On the 
other hand, many managers stress 
close relationships between an en- 
gineer and a technician. They argue 
that this bolsters the engineer’s con- 
fidence in the technician, lets the 
technician exercise initiative (and 
make a substantial contribution to 
the over-all project), and helps the 
engineer teach and develop a capa- 
ble assistant. 

Size of the company is itself im- 
portant. The pool type of organiza- 
tion more readily adapts to large 
companies. Fewer in number in 
small companies, technicians di- 
rectly support the professionals, 
have more opportunity to learn en- 
gineering, but are less likely to de- 
velop administrative skills and be- 
come senior technicians. 

Next article in the series, ap- 
pearing in the June 23, 1960 issue 
of Macuine Desicn, will conclude 
the series on the technician. It 
will discuss how management can 
get good technicians, and, once 
having them, how to keep them. 


<a 
oat 


Operating without support equipment for sustained periods, 40 per cent grades, and operate in 4 ft of sea water. It is 
a 20-ton capacity crane is being tested by Army engineers. equipped with a 30-ft standard boom, but hydraulic out- 
The crane is expected to travel highways at 30 mph, climb riggers and counterweights are provided for a 90-ft boom. 
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Smooth 
Operator! 


Cat’s new wheel Traxcavator features fast-working 
power-shift transmission with Twin Disc Torque Converter 


Time was when wheel-type loaders 
were viewed with scorn as little more 
than ov’ <own agricultural ma- 
chines. But in the years since World 
War II, the wheel loader has gained 
universal favor with construction 
men. Its speed and mobility have 
proved to be real production-boost- 
ing advantages in many types of load- 
ing jobs. 

Now, after years of research and 
engineering plus more than 14,000 
machine test hours, the 944 Traxca- 
vator — first wheel loader to bear the 
famous Caterpillar trademark — has 
made its appearance. 

There’s no need to enumerate the 
944’s many design and performance 
features. These have been given wide 
coverage in all the construction maga- 
zines. It is worth pointing out, how- 
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ever, that the new wheel loader, like 
so many other Cat machines, is 
equipped with a Twin Disc Torque 
Converter. 

The torque converter — a single- 
stage Type 6 model — works in con- 
junction with the 944’s two-speed for- 
ward, two-speed reverse, planetary 
transmission. Each of these four in- 
line gear trains has its own clutch. 
Two of the planetary trains are for 
direction control while the other two 
provide gear speed selection. Reverse 
speeds are 25% faster than forward— 
a key factor in reducing cycle time. 
The torque converter assures smooth, 
instantaneous clutch engagement by 
absorbing the shock of the shift in its 
fluid circuit. 

Caterpillar is one of many well- 
known manufacturers who specify 
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Twin Disc Torque Converters for 
their power-shift transmissions. If 
plans for a power box are on your 
drawing board, you'll find the torque 
converter you need in the complete 
Twin Disc line. Write our Rockford 
office for new Bulletin 510. 

Twin Disc CLutcH CoMPANY, 
Racine, Wisconsin. Hydraulic Divi- 
sion: Rockford, Illinois. 


Twili Disc 
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Entering a 50-degree climb, WADD's 
modified KC-135 jet tanker will main- 
tain crew and equipment in the weight- 
less state for periods up to 40 sec. 


e Pull-up at start and end of the ‘'Kep- 
Zero-G Fluid Troubles: lerian’’ flight path is held to 2.5 g. 


Air Force finds bubbles misbehave, 


lubes won’t feed in weightless state 


Dayton, Oxnto— Man’s gastro-in- 
testinal system isn’t the only “mech- 
anism” that may have trouble 
adapting to the weightless state in 
space. Up-and-over flights along 
zero-gravity trajectories have shown 
Air Force scientists that fuel and 
lube systems in spacecraft will also 
need some help. 
First flown in 1958 by Wright 
Air Development Division pilots, 
zero-g (Keplerian) flight paths leave 
an aircraft (and those in it) in a 
weightless condition for 12 to 15 
sec. One of the first equipment prob- 
lems encountered was a drop in 
engine oil pressure as the unmodi- 
fied C-131B aircraft flew over the 
zero-g trajectory. Tests showed that 
the weightless oil couldn’t be de- 
pended upon to orient itself along 
the bottom of its tank. To get 
around this, engineers in WADD’s 
Propulsion Laboratory installed a 
positive-expulsion (pressurized-blad- How air bubbles in a fluid behave in the weightless state is shown graphically 
der) system that would insure ade- in this photo. Bubbles either hang suspended, or they move slowly up and 
quate oil pressure during zero-g down with random motion. They do not merge with each other. 
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Anaconda Vibration Eliminator, 1¥2‘’ |.D. x 17“, installed in liquid fill line of a 9000-gallon liquid oxygen tank installed in a boxcar by Lox Equipment Co. 


When -297°F LOX hits the piping, standard Anaconda 
tin bronze flexible connectors absorb the shock 


Flexible metal hose connections used to absorb thermal con- 
traction and shock in piping carrying liquefied gases vary 
widely in size, material and design. Anaconda makes assem- 
blies in stainless steel up to 14 inches I.D. for LOX lines in 
missile ground handling equipment—and other special con- 
nectors and hoses in a variety of metals down to ¥% inch I.D. 


But there are many places where standard Anaconda flex- 
ible metal hose assemblies of tin bronze can do a job depend- 
ably and with economy. Lox Equipment Co., Oakland, Cal., 
makes unfired pressure vessels to hold liquefied gases. To pro- 
tect valves and piping from stresses set up when liquid oxygen 
at -297°F or liquid nitrogen at -320°F begins to flow, the 
company has found standard Anaconda Vibration Eliminators 
highly satisfactory. These flexible connectors designed for 
damping vibration in rigid piping of refrigeration systems 
have the physical properties needed—the high strength, tough- 
ness, and fatigue resistance inherent in tin bronze. In fact, 
these properties are greater at very low temperatures—tensile 
and yield strength of copper and copper alloys are materially 
higher at —300°F than at room temperature. Working pressure 
of 60 psi is no problem, as standard VE’s are designed for 
applications up to 300 psi—in some sizes up to 500 psi. 


FREE TECHNICAL SERVICE. Anaconda Metal Hose specialists are 


constantly working with design engineers on flexible connec- 
tors and hose to meet new problems. They may recommend a 
standard unit or help in the design of a special unit. For in- 
formation on standard units or engineering assistance, write: 
Anaconda Metal Hose Division, The American Brass Com- 
pany, Waterbury 20, Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. 0122 





ANACONDA 


METAL HOSE 
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experimental test flights. 

Expanding on such first simple 
experiments, Air Force specialists 
found that there are more problems 
than answers in the behavior of 
fluids exposed to the weightless 
state. By the fall of 1959, work pro- 
posed was more than the C-131B 
could handle. WADD issued a con- 
tract to Boeing Aircraft to modify 
a KC-135 jet tanker for zero-gravity 
flights. This aircraft not only gives 
a larger working space, but also 
extends the zero-g flight time to 
nearly 40 sec. 


Free-floating capsule contains racks 
for a number of fluid tanks, plus 
lights and cameras. When fluid tanks 
are fastened to the aircraft structure, 
only 2 or 3 sec of effective weightless- 
ness can be obtained. With the cap- 
sule itself floating, the enclosed tanks 
are weightless for 12 to 15 sec on each 
parabola. Crewman floats with the 
capsule to keep it from banging fuse- 
lage sides or ceiling. 


“Hot” Vinyl Ready for Varied Roles 


New York — A new vinyl plastic 
that can withstand temperatures 60 
degrees higher than conventional 
vinyls promises a host of new appli- 
cations for the already versatile ma- 
terial. According to officials of B. F. 
Goodrich Chemical Co., the new 
plastic, a polyvinyl dichloride called 
Hi-Temp Geon, represents the “first 
significant breakthrough in the 
industry since the development 
of the first rigid vinyl 12 years ago.” 

Geon’s main claim to fame is its 
remarkable strength at high temper- 


Hi-Temp Geon: Properties 





Normal- 
Impact 
Comy a 


High- 
Impact 
C a 








Tensile 
strength (psi) 
at 73 F 8800 
at 212 F 3000 
Tensile tangent 
modulus (psi) 
Elongation at 
yield (%) 4.5 4.5 
Flexural 
strength (psi) 
Izod impact 
(ft-Ib/in. notch) 0.8 5.0 
Rockwell 
hardness R 117 117 
Flammability Self- Self- 
extinguishing extinguishing 
Heat deformation 
at 264 psi (F) 220 215 
Linear coefficient of 
expansion (C) 


150,000 


17,000 14,500 


7 xX 10-5 
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atures: Tensile strength exceeds 2000 
psi at 212 F, and deformation at 264 
psi occurs only at temperatures 
above 215 F. These properties, cou- 
pled with high modulus over a wide 
temperature range, high impact 
strength, and toughness, mark the 
material as a superior thermoplastic. 

Geon is also distinguished by sev- 
eral other characteristics: 
¢ Fabricated into pipe, it can handle 
pressures of 100-160 psi at 180 F, 
with pressure ratings much higher 
at normal temperatures. Low ther- 
mal conductivity of the material re- 
duces moisture condensation on the 
outside surface of the pipe, keeps 
liquids “at temperature” inside. 
¢ In actual industrial trials, Geon 
pipe has carried 98 per cent sulfuric 
acid at 185 F for 30 days. 
e Like conventional vinyl, Geon 
can be extruded, molded, formed, or 
stamped on standard plastic-proc- 
essing equipment. Geon pipe can 
be joined with socket solvent-ce- 
mented joints or threaded couplings, 
and can be cut by an ordinary saw 
and formed to desired curvatures by 
heating. 

Although the biggest application 


~ 


Soaked in hot water (180F), Geon 
doesn't sag like other familiar plastics. 
The new vinyl also exceeds in a num- 
ber of other properties. 


foreseen by Goodrich for Geon is 
in household plumbing (prefabricat- 
ed walls of bathroom and kitchen 
piping are under test in several re- 
search homes), the material is also 
expected to be used extensively for 
other types of piping, tanks, duct- 
work, and valves. In the automotive 
field, Goodrich sees Geon hoods and 


rear decks on future cars. 
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Announcing 


| ACTUAL SIZE 


VU TANY ZL) In Diameters 
STEEL BARS Through 4” 


WITH COPPER 


Five new sizes: 4”, 37%”, 334”, 354”, 314”. 

Same high strength as smaller diameters...100,000 psi yield. 
Fast machining ...83% of B1112. 

Cost less than heat treated in-the-bar alloys. 

Ideal for both production and maintenance applications. 


Available from your No heat treating necessary 
Steel Service Center ) 


Ask for Helpful Data Bulletin 415. 
It tells the story of STRESSPROOF. 





Title 


(ff Company. 
STEEL CO. 
Address 














1426 150th Street 
Hammond, Indiana City Zone State 
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Air Force Keeps an Ear to the Ground 


Channeling effect that takes place close to the surface of the 
earth will strengthen signals to distant receiving stations. 


GLENDALE, Cauir.—The Air Force 
is investigating subsurface electro- 
magnetic radiation as a communica- 
tions technique. Space Electronics 
Corp., which did much of the early 
development, is testing bandwidths, 
range, atmospheric effects, and a 
host of other variables to establish 
an optimum operating system. 

Previously, subsurface communi- 
cation was considered impracticable 
over any appreciabie distance; SEC 
disagrees. Although more power is 
necessary than for conventional, 
above-surface installations, the re- 
quirements remain feasible, and 
with modern improvements in cod- 
ing techniques, considerable infor- 
mation can be transmitted in a short 
time. 

A phenomenon recently uncov- 
ered—an energy channeling effect 
that takes place near the earth’s 
surface—is expected to permit more 
effective propagation to distant re- 


Glass Fiber Geis 
A Shot-Gun Wedding 


A glass-fiber barrel is the extraordi- 
nary result of research into building a 
lighter gun. Five hundred miles of 
glass fiber are wound onto a steel 
liner only 0.020 in. thick and fused 
with an epoxy resin. The barrel is 
twice as strong as steel, yet lighter. 
Winchester Western Div. claims their 
6% Ib Model 59 semiautomatic shotgun 
(which also has an aluminum receiver) 
is easier to point than heavier-barreled 
guns though they point out that it 
should not be used as a crowbar. Heat- 
insulating qualities of the barrel mean 
the hunter will neither burn his hands 
after rapid firing, nor freeze them in 
cold weather. 
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Earlier experiments showed that through-the-earth transmis- 
sions were quickly attenuated. 


Experimental transmitter, buried deep in a mine shaft in the Mojave desert, aids 
in research to develop earth currents as an underground communications technique. 


ceivers than was previously antici- 
pated. One dilemma the company 
faces: Whereas low-frequency sig- 
nals suffer less attenuation than 


high-frequency signals, the chan- 
neling phenomenon benefits the 
higher frequency signals to a greater 
extent. 





save time! save money! 
call your parts distributor for 


These important savings are yours when you order—from your Electronic Parts 
Distributor—P«B relays listed with Underwriters’ Laboratories, Inc. and Canadian 
Standards Association: 
SAVE TIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
. this has been done for you. Thus you get your project—and your product— 
off to a fast start! 


SAVE MONEY. You save the cost of getting relays listed with U/L 
or CSA ...and you need have no big investment in shelf inventory, either. 
Remember, you pay no premium over factory prices in quantities to 249. 


More than 40 different standard P&B relays in 450 different coil voltages and con- 
tact arrangements are available from the leading Electronic Part Distributors in 
your area. For special applications, call your nearest P&B sales engineer. 


ABC Series ie KA Series 3 


Contact Contact 
Type Arrangement* Type Arrangement* 
PRIAY SPST-NO PRSAY SPDT 
PR3AY SPDT-NO-DM PR7AY DPST-NO 
PRITAY DPOT 
These relays are available in any of the following operating 
voltages: 6, 12, 24, 115, 230 volts 50/60 cycles AC. 
Contacts are rated at: 25 amps, 115/230 V. AC 1 phase. 
1 hp for 115/230 volt AC motors | phase. 
*Read: NO normally open, NC normally closed, DB double 
break, DM double make. 
U/L File E22575 CSA File 15734 


U/L File £29244 \ CSA File 15734 U/L File £29244 Fal CSA File 15734 U/L File £29244 CSA File 15734 U/L File £29244 —«CSAA File 15734 


For appliance and general purpose operations Medium duty power relay in dust cover. For Small, low cost, general purpose relay for Compact latch relay ideal for memory work 
requiring long life and quiet operation. Quick small motors, industrial controls and similar handling automation work, small motors, sole- and overload applications. Operates on 


connect terminals. Screw terminal adapters applications. Contact arrangement: DPDT. noids, other relays. Contact ort 


y impulse to either coil. Contact 





also furnished with each relay. Contact Rated at 10 amps, 115 V., 5 amps, 230 AC SPDT, DPDT and 3PDT. Rated at 5 amps, at arrangements: 4PDT and 6PDT. Rated at 5 
arrangement: DPDT. Rated at 10 amps, 115 V., non-inductive by U/L and CSA. 115 V., AC non-inductive by U/L and CSA. amps at 115 V., AC non-inductive by U/L 


5 amps, 230 AC non-inductive by U/L and CSA. 


and CSA. 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Overboard Goes 


Small boat propulsion system, which combines the ease of drive’ by its producers, Western Gear Co., Lynwood, Calif., 
handling of an outboard motor with the economy and the unit is coupled through the transom to any automotive 
reliability of an inboard, may make a splash in the pleas- or marine engine up to 150 hp in size. Hinge and shear pins 
ure boating field. A gearbox, driveshaft, and propeller are allow quick release if the outdrive hits an underwater ob- 
combined into a compact 70-lb unit that looks like a 5-hp — stacle. Forward-facing ‘‘puller’’ propeller also acts as a rud- 
outboard, and mounts like one. Called the “‘Seapower out- der, allowing torque-free turns. 


Electronic “Wall” Explodes Shells in Flight 


Reign of terror of artillery shells may be at an end with the coming of an elec- 
tronic shell detonator now being tested by the Army. The unit, AN/MLQ-8 
countermeasures set, developed by the Electronic Defense Laborctories of Sylvania 
Electric Products Inc., detonates high-explosive shells in flight. It weighs less 
than 500 |b, operates unattended, and can be used to protect troops over a 
wide area. Details of the design have not been released, but it may be pre- 
sumed that the unit is effective only against proximity-fuse shells. 
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ECPD Pushes Five-Year Plan 


New York, N. Y.—With an eye 
to the future, the Engineering Coun- 
cil for Professional Development 
has been actively pursuing the re- 
cent college graduate with a pro- 
gram it calls “The First Five Years.” 
Young engineers are urged to do 
their share “towards increasing our 
standard of living, and keeping 
ahead of Russia through brain- 
power.” 

The new graduate, it’s pointed 
out, develops habits in the first 
year after college which direct his 
course toward success—-or medioc- 
rity. ECPD in 1950 formulated a 
six point program to cover the first 
five years in the professional world: 
© Career Orientation — Learn the 
employer’s objectives and the rela- 
tionship of profession to job. 
® Continuing Education — Increase 
technical competence in the light 
of new business experiences. 
© Professional Identification — In- 

(Please turn to Page 41) 
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GENERAL ELECTRIC 
Offers nC omptete Line of 


ADJUSTABLE-SPEED 
DRIVES greeter 


TO MEET EVERY APPLICATION REQUIREMENT 








TIMED OR CURRENT LIMIT 
Acceleration or Deceleration 


Horsepower 
1/4 to 1250 


OPERATES FROM 
AC POWER SOURCE 


SPEED 
RANGE 


Up to 200:1 


Constant HP 
Constant 


SPEED REGULATION Torque 
10% to 0.1% i Or Both 


SELECT YOUR DRIVES /0: « 
Genel al klectrie’s Com rh i The 


) . » ; f : / f roy BP, 
Shou Il ‘OF Elie POA CtOU IO CLEA. 
P ary —™ 
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. : Adjustable Speed Drives Offer A Great Opportunity 





| 
KINAMATIC 
at e630", - 
cy \ A face Modern, a-c mechan- ppeea f dlld [ U # 
— ical drive. Y4—25-hp. 
i — Speed range to 10:1. 
New ‘‘Equalizer''t . 
ae Industry's’ most versatile electric 
sare . ie fi@ provides smooth oe drive. | 500-hp. Features Kina- 
Siete , Ci al Wel Mel meolticolulehilary o1-1-10) 


matic motor-generator conversion. 
control. Produced by 9 


: rs Speed t 1. Pre 

: f nsf “~> Gear Motor & Trans- ee ee 200 Precise 

int a regulation. Regeneration. Wide 
: mission Components ’ 


Dept., Paterson, N. J. wage 2 
.: = Wilke Bak Builetio control modifications available. § 
=> ; GEA-6806* Write for Bulletin GEA-6643*. 


Tt Pat. Pending. 


variety of power unit, motor and 





~ High quality electronic drive. - 
%—10-hp.: Wide speed range.. ; ‘ 
Small, lightweight. General Purpose 
and High Performance types. Write 
for Bulletin GEA-7018 and GEA-7019*. 





SOCHOHOHSSHOSHSSSOSSSOOSSOOOCEEE General Electric adjustable-speed drives are available for 
every performance level, every price range to help you boost 
2 output, improve quality, increase machine flexibility, reduce 
Industrv’s installation costs, cut your maintenance budget, add substantial 
. profits to your business. 


most complete line To make possible these advantages, your General Electric 
I sales engineer is backed by an experienced team of adjustable- 

J..2 dri iali hel 
of modern packaged drives a anc terete oninae: a oe 
They offer an unbiased, analytical evaluation of your require- 
ments—recommend the adjustable-speed drive that meets the 
demands of your application most completely and economically. 


for every performance level, 


every price range 
s & 


seccsscssesssessscscssees GENERAL @) ELECTRIC 





_ to Modernize for Increased Profits 








5 q 

Outstanding packaged drive value. 

Compact, versatile eddy current 

coupling. 3-100-hp. Stepless y 

speeds 1'2:1 to 17:1. 2% speed ki 

regulation. For complete informa- 

tion write for Bulletin GEA-6885*. 
Power amplistat conversion features hermetically 
sealed silicon rectifiers. |—200-hp. Speed ranges 
to 200:1. Lightweight, quiet and vibrationless 
Field proven. Write for Bulletin GEA-7012*. 

Pay, * Write to Section 821-4, General Electric 


, Company, Schenectady 5, New York. 


In Canada, write Canadian General Electric 
Peterborough, Ontario 


++ Trademark of General Electric Company. 


RESEARCH ~ SERVICE 


In product research, G.E. | General Electric industry and appli- | Skilled G-E workers, modern pro-| G.E.’s service network 
invests more than three | cation specialists, familiar with your | duction facilities, standardized com- | offers three-way ‘round- 
times the industry aver- | production process, assure proper | ponents and latest testing methods | the-clock’ assistance: start- 
age. You benefit from the | selection and design of G-E adjust- | combine to give you high-quality,| up service, productive 
most modern features in | able-speed drives to meet your | adjustable-speed drive equipment, | maintenance assistance and 
your G-E drive. specific application requirements. | shorter delivery time, lower prices. | complete repair service. 























= 
: | ' . 
Industry's most preferred d-c : N Most modern, versatile d-c 
mill motor. 500 to 625-hp. \ motor for adjustable speed. | to 
Write for Bulletin GEA-4654C*. 200-hp. Write for Bulletin 
j GEA-6335*. 
ae j\ id 
i on, 7 
J | 
* ) i 
' Fast response d-c 
power source with — 
P S ‘ 3 flexible output char- 
LU e « « industry's most Ucrevistics, Writeiter 
P : , Bulletin GEA-4053B*. 
complete line of drive components 
for both general purpose and 
special industry application 
To learn more about the modern capabilities of G-E 
ackaged drives and components, call ry nearby General ' 
lectric sales engineer. ADJUSTABLE SPEED, a new 
booklet which outlines G.E.’s complete line of modern Reliable power conversion for main, 
packaged adjustable-speed drives, is also available to help _quxiliary:and process line drives 
you modernize for profits. Ask for Bulletin GEA-6999*. 
* Write to Section 821-4, General Electric Co., 
Schenectady 5, N. Y. In Canada, write Canadian — 
General Electric, Peterborough, Ontario. ._ 
“get a. 
DIRECT CURRENT MOTOR & GENERATOR DEPARTMENT 
GB ELECTRIC 
ERIE, PENNSYLVANIA 2» 
i Performance proved. Quality designed. 250 
to 1250-hp. Write for Bulletin GEA-5497A*. : A-c of d-c. 1 to 75-hp. Simplified maintenance. 
: nea Produced by Gear Motor & Transmission Com- 
r ponents Dept. Write for Bulletin GEA-6704*. 
y “| . 
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a Pe ee te tee * 
ck a heii e — a es 
£ ate 











(Continued from Page 36) 
crease personal status and benefit 
from legal qualifications. 
© Responsible Citizenship—Make a 
place in the community, and in time 
guide future graduates. 
© Selected Reading— Absorb the 
written experiences of others so as 
to prepare for dealing with people. 
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e Personal Appraisal—Be self-criti- 
cal, thereby eliminating personal 
shortcomings. 

The college graduate is provided 
with ample opportunity in industry, 
the Council claims, but the respon- 
sibility for professional success rests 
squarely on his own shoulders. 


BIMETAL STRIPS 


CRYSTAL 
PLATE 


_ METAL 
COATING 


CONNECTION 


Bi-metal strips which vary the pressure applied to a quartz crystal promise more 


stable frequencies for all kinds of electronic equipment. 


Dr. E. A. Gerber of the 


U. S. Army signal research and development Labs, who developed the idea, says 


they will replace ovens ten times their size in Army radios. 


The ovens have been 


used to keep the crystal’s temperature constant, but they age the crystals, use 


valuable power, and are bulky. 


The bi-metal strips, two or more to a crystal, 


are entirely mechanical in operation, do not affect the crystal’s temperature. 


Sperry Award Goes to 
Gyrocompass Inventor 


PHILADELPHIA, Pa.—Four of the na- 
tion’s leading engineering societies 
recently presented this year’s Elmer 
A. Sperry Award (for outstanding 
achievement in the field of transpor- 
tation) to the creator of the Sperry 
Mk.-19 Gyrocompass. The recip- 
ient, Frederick D. Braddon, is chief 
engineer of Sperry Gyroscope Co.’s 
Marine Div. Despite the names, the 
award has never before been pre- 
sented to a Sperry employee. 
Previous recipients were designers 
of the S.S. United States, the DC 
series of Douglas Aircraft, the Volks- 
wagen, the GM diesel-electric loco- 
motive, and the British jet, Comet I. 
A compass that detects true north 
by sensing changes in the gravita- 
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tional forces, the Sperry Mk.-19 has 
become the basic navigational ref- 
erence aboard submarines, guided 
missile cruisers, and other combat 
ships. Using a highly accurate 
floated gyro system, it provides di- 
rectional information and correlates 
star sights. Accuracy, predicted as 
two per cent, has in practice been 
closer to one per cent. 

The Sperry Mk.-19 is the heart 
of SINS (Ships Inertial Navigation 
System), a highly complex array of 
gyroscopes, accelerometers, and in- 
tegrators that guided the submarine 
Triton as it circled the globe under 
water. 

Considered one of the most im- 
portant developments in the Navy’s 
program of submarine navigation 
modernization, the gyrocompass is 
also the predecessor of all concepts 
of inertial navigation. 








NOD MRED 


We make balls with plain or 
tapped holes, counterbores, slots, 
grooves, flats, undercuts, stems — 
in any size — of any workable 
material — in experimental or 
production quantities. If it has a 
spherical surface, you can count 
on us to produce it. 


Write for quotation and 


descriptive literature. 


INDUSTRIAL TECTONICS, Inc. 


MANUFACTURERS OF PRECISION BALLS AND BEARINGS 


3691 Jackson Road, Ann Arbor, Michigan 
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Heart of the 
Control System 


me 


Paper Triangle Gages the Shakes 
Vibration displacement is easily measured with an ingenious device that's as 


simple as a piece of paper. Called an ‘‘optical wedge” by its inventors, the gage 
is @ pressure-sensitive wedge-shaped sticker which is affixed to a flat surface on 


eed 
‘DIAMOND B’ 


Relays 


“Diamond H” relays have a 
record of high reliability proved 
in critical applications ranging 
from missiles to nuclear sub- 
marines. That’s why increasing 
numbers of engineers are speci- 
fying “‘Diamond H”’ relays in 
the heart of their control 
systems. 

Hart makes these basic types 
of relays: 


© Miniature, hermetically- 
sealed aircraft-missile re- 
lays, (Series R and Series S). 
High-speed sensitive polar- 
ized relays (Series P). 
General purpose AC/DC re- 
lays (Series W) 


Technical literature out- 
lining the wide range of cnar- 
acteristics available in each 
type relay is yours for the 
asking. You’ll find ‘‘Diamond 
H” engineers skilled in opti- 
mizing the basic designs to meet 
your specific requirements. 

Tell us your needs . . . by 
phone, wire or letter. 


“HART 


MANUFACTURING COMPANY 
118 Bartholomew Ave., Hartford 1, Conn. 


Phone JAckson 5-3491 
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the test piece. (Axis of the wedge is perpendicular to the axis of vibration.) As 


the piece vibrates, two triangles appear. 


Displacement is indicated on a scale 


directly below the point of the darkest triangle. Samples are available from 
J. C. Stephens, MB Electronics, 781 Whalley Ave., New Haven, Conn. 


Dials by Photography 


Photosensitive glass that can be pre- 
cision patterned by chemical machin- 
ing is being used in making aircraft 
dials. Corning Glass Works, Bradford, 
Pa., claims the dials will perform at 
temperatures that deform other dial 
materials. Shown above is an experi- 
mental dial face of a glass-ceramic, 
Fotoceram, with numbers and figures 
permanently placed on the face by a 
photographic technique developed by 
an aircraft-instrument manufacturer. 


Antiradiation Mechanism 
Contained in Human Cells 


Researchers Pinpoint 
Chemical Protectors 


ARGONNE, ILt.—Scientists at Argon- 
ne National Laboratory have de- 
monstrated the method by which 
certain chemical compounds protect 
living cells against the effects of radi- 
ation. The research centered around 
antiradiation compounds called sulf- 
hydryls (SH), so named because 
their active group contains sulfur 
and hydrogen. One of the most ef- 
fective members of this group in 
preventing radiation damage in 
mammals is cysteine, an amino acid 
present in all protoplasm, the fun- 
damental building block of tissue. 
Argonne’s research indicates that 
a combination of oxygen and chem- 
ically active molecule fragments 
team up to cause radiation damage 
in cells. The molecular fragments, 
(free radicals), produced by radia- 
tion, are pieces of molecules that are 
highly reactive chemically. They 
combine with essential components 
of cells, eventually destroying, or at 
least damaging, the healthy cell. 
Scientists have known for some 
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Immersion Ultrasonic Testing is the latest 
addition to Standard’s family of extensive quality- 
control facilities. Specially designed for Standard and 
one of the first of its kind installed by a specialty steel 
maker, this new facility is used to detect minute flaws 
in extremely high quality thin-section and complex- 
section steel shapes. 


It is essential to test for internal flaws in such vital jet 
and missile engine parts as expander rings, motor case 
rings, turbine discs, and compressor wheels. Bring your 
next difficult alloy problem to us—you’ll appreciate our 
personalized service as well as our superior qual- 
ity control. Write for free illustrated booklet, “Quality 
Control at Standard.” 


Standard Steel Works Division 
BALDWIN :- LIMA: HAMILTON 


Rings e Shafts « Car wheels e Gear blanks ¢ Flanges * Special shapes 


BURNHAM, PENNSYLVANIA 
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PRIZE WINNER 


GIFS 
DESIGN CONTEST 


“Ready to go” 
Gray Iron Casting 
saves Oliver Corporation 807% 


The Oliver Corporation, leading farm implement manu- 
facturer, reduced costs 80% by converting a swivel fastener 
from a multiple-piece part to a single iron casting. Using 
gray iron’s unique ability to be cast in an intricate shape as 
one part, as well as around a movable ball bushing, Oliver 
eliminated all assembly and welding operations. The ball is 
coated with a precise thickness of refractory so that when 
the iron is cast around it and the refractory removed, the ball 
is firmly held but free to move. You, too, can eliminate 
costly i in-plant operations. Design your products “ready to 
go” with your GIFS foundry engineer. Through association 
with nearly 400 foundries, he has acquired a broad fund of 
knowledge to help improve your product. 


FREE DIRECTORY OF PROGRESSIVE FOUNDRYMEN 


Lists modern facilities, techniques and types of iron pro- 
duced by leading gray iron foundries in your area. For 
a copy write: Dept. G, Gray Iron Founders’ Society, Inc., 
National City-East Sixth Building, Cleveland 14, Ohio. 


Specify Modern 


GRAY IRON CASTING 


Made by Informed Foundrymen! 
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time that the presence of oxygen in. 
living systems increases the sensitiv- 

ity of the cells to radiation. How- 

ever, they did not know the nature 

of this effect, nor did they have any 

clear evidence of a link between 

oxygen and the action of protective 

compounds. 

Researchers have usually proposed 
that SH compounds work by con- 
suming oxygen in the system, there- 
by reducing the concentration of 
oxygen and reducing radiation sen- 
sitivity. 

Argonne’s work proves that SH 
compounds also function by remov- 
ing free radicals, which, in the pres- 
ence of oxygen, would be toxic. 

According to Dr. Edward L. 
Powers, leader of the microbiology 
group in Argonne’s Division of Bi- 
ological and Medical Research, 
“Our work has been principally 
with dry bacterial spores because of 
experimental accuracy and conven- 
ience. However, the results are 
certain to give more insight into 
the results observed in living wet 
cells. They constitute a basis for 
the methodical analysis of the im- 
portance of these factors in radiation 
damage in higher organisms, includ- 
ing man.” 


Meetings 
and Shows 


June 19-24— 

American Institute of Electrical 
Engineers. Summer General Meet- 
ing to be held at Chalfonte-Haddon 
Hall, Atlantic City, N. J. Further 
information is available from AIEE 
headquarters, 33 W. 39th St., New 
York 18, N. Y. 


June 20-22— 

American Society of Mechanical 
Engineers. Applied Mechanics Con- 
ference to be held at Pennsylvania 
State University, University Park, 
Pa. Additional information can be 
obtained from ASME, 29 W. 39th 
St., New York 18, N. Y. 


June 20-24— 

American Society for Engineering 
Education. 68th Annual Conven- 
tion to be held at Purdue Univer- 
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sity, Lafayette, Ind. Further in- 
formation is available from W. 
Leighton Collins, University of Illi- 
nois, Urbana, IIL. 


June 26-July 1— 

American Society for Testing Ma- 
terials. Annual Meeting and Ex- 
hibit to be held at Chalfonte-Had- 
don Hall, Atlantic City, N. J. Ad- 
ditional information can be ob- 
tained from ASTM headquarters, 
1916 Race St., Philadelphia 3, Pa. 


June 27-30— 

Institute of the Aeronautical Sci- 
ences. National Summer Meeting 
to be held at the Ambassador Hotel, 
Los Angeles. Further information 
is available from IAS, 2 E. 64th St., 
New York 21, N. Y. 


Aug. 8-12— 

American Institute of Electrical 
Engineers. Pacific General Meeting 
to be held at the El Cortes Hotel, 
San Diego, Calif. Additional infor- 
mation can be obtained from AIEE 
headquarters, 33 W. 39th St., New 
York 18, N. Y. 


Aug. 16-19— 

Society of Automotive Engineers 
Inc. National West Coast Meeting 
to be held at the Jack Tar Hotel, 
San Francisco. Further information 
can be obtained from SAE _head- 
quarters, 485 Lexington Ave., New 
York 17, N. Y. 


Aug. 23-26— 

Western Electronic Show and 
Convention to be held in the Me- 
morial Sports Arena, Los Angeles. 
Sponsors are the Western Electronic 
Manufacturers Association and the 
Institute of Radio Engineers. Addi- 
tional information is available from 
Wescon headquarters, 1435 S. La 
Cienega Blvd., Los Angeles 35, 
Calif. 


Sept. 6-16— 

Production Engineering Show to 
be held at the Navy Pier, Chicago. 
Further information can be ob- 
tained from Clapp & Poliak Inc., 
341 Madison Ave., New York 17, 
N. Y. 


Sept. 6-16— 
National Machine Tool Builders 
Association. Machine Tool Expo- 


June 9, 1960 


-$pecial Motors 
are Standard 


AT PEERLESS ELECTRIC! 


Need a special motor? Our knowledge may aid in reducing the engineering time. 








We are the exclusive supplier to many manufacturers for motors with unusual 


operating conditions and duty requirements. Write us your needs! 


DRIP-PROOF (open type) 


Completely protected against drip- 
ping liquids and falling particles. 


TEPC and EXPLOSION-PROOF 


External fan draws cool air across motor to- 
ward driven machine. 


DIRECT CURRENT 


High starting torque, good over- 
load capacity and high electrical 
efficiency. For rough usage. 


EXPLOSION-PROOF 
TORQUE MOTOR 
WITH BRAKE 


SPECIAL FLANGE REVERSING 
HOIST MOTOR, SINGLE PHASE 
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| 


ENGINEERING DATA: Special mountings. Various modifications—special shaft 


features; paint and varnish treatments, Class A, B, F, H insulation. Peerless builds 


to standards and specifications of JIC, AIEE (including AIEE No. 45 Marine 


Duty), ABS, Federal and Military. 


WRITE FOR BULLETINS: Space-Saver, SP-1; Torque, T-1; Complete Line, SDA- 
155. Peerless Electric Division, H. K. Porter Company, Inc., W. Market Street, 


Warren, Ohio. 
PEERLESS ELECTRIC DIVISION 


H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 


pipe fittings, roll formings and stampings, wire rope and strand. 
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Box 431, Oakridge Drive, Dayton 7, Ohio 


THERE'S 

NO 
SUBSTITUTE 
—_ 


RELIABILITY 


' 


se sare wr PRECISION 


“0” RINGS 


The more critical the sealing requirments, 
the more reason to specify Precision “O” 
Rings. Your investment in Precision quality 
will reduce assembly costs, rejects and 
product failures. 

Reliability is built into Precision “O” Rings 
by scientific compounding and a series 

of over 100 rigid quality control tests and 
inspections. They’re engineered to serve 
your specific requirement. 

For the best in sealing, write, phone or wire 
for the services of a Precision “O” Ring 
Specialist today. 


*The U.S. Army Missle Juno II requires complete 
component reliability ... uses Precision ‘'O’’ Rings 


gp, 


*recision Rubber Products 
Corporation - “©” Ring and Dyna-seal Specialists 


Circle 426 on Page 19 





Canadian plont at: Ste. Therése de Blainville, Québec 


ENGINEERING NEWS 





sition to be held at the Internation- 
al Amphitheatre, Chicago. Addi- 
tional information is available from 
Clapp & Poliak Inc., 341 Madison 
Ave., New York 17, N. Y. 


Sept. 7-9— 

American Society of Mechanical 
Engineers. Joint Automatic Con- 
trol Conference to be held at Massa- 
chusetts Institute of Technology, 
Cambridge, Mass. Further informa- 
tion is available from Meetings 
Dept., ASME, 29 W. 39th St., New 
York 18, N. Y. 


Short Courses 
and Symposia 


June 20-July 1; July 5-15— 

Recent Developments in Electrical 
Engineering sessions to be held at 
the University of Pennsylvania. De- 
velopments made in the last five to 
ten years in three fields will be cov- 
ered by these programs: Modern 
Radar Techniques (June 20-July 1); 
New Devices for Amplification and 
Switching (June 20-July 1); and 
Numerical Analysis for Digital 
Computers (July 5-15). Further in- 
formation can be obtained from 
Special Summer Session Office, The 
Moore School of Electrical Engi- 
neering, University of Pennsylvania, 


Philadelphia 4, Pa. 


July 7-8— 

Seminar on Low-Cost Automation 
to be held at Pennsylvania State 
University will cover use of pneu- 
matic control in industry, develop- 
ment of a hydraulic circuit for au- 
tomating a machine, application of 
relays for automation, static switch- 
ing systems, state of the art in small 
U. S. industries, and applications in 
European industry. Additional in- 
formation can be obtained from the 
Conference Center, The Pennsyl- 
vania State University, University 
Park, Pa. 


| July 11-15— 


Institute in Technical and Indus- 
trial Communications to be held at 
Colorado State University. Purpose 
is to provide counseling and basic 
and advanced instruction in tech- 


| nical writing and related communi- 


cations. Additional information is 
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available from the director of the 
Institute, Colorado State University, 
Fort Collins, Colo, 


July 18-22— 

Survey course on _ radioisotope 
principles and techniques, designed 
to increase management understand- 
ing of basic concepts, to be held at 
the University of California at 
Berkeley, with the co-operation of 


the U. S. Atomic Energy Commis- | 
sion. Further information can be | 


obtained from the Engineering and 
Sciences Extension, University of 


California, 2451 Bancroft Way, | 


Berkeley 4, Calif. 


July 24-29-— 

Research and Development Man- 
agement Development Seminar, to 
help middle management representa- 


tives develop skills in administration | 
and human relations, to be held at | 
Pennsylvania State University. Ad- | 
ditional information can be obtained | 


from the Continuing Education 
Conference Center, The Pennsyl- 
vania State University, University 
Park, Pa. 


Aug. 1-19— 

1960 Statistical Methods in Indus- 
try Program, including courses in 
quality control by statistical meth- 
ods and in industrial reliability to 
be held at the University of Cali- 
fornia. Fifteen-day courses in de- 


sign and analysis of industrial ex- | 


periments and in basic measure- 


ments and standards (including non- | 
destructive testing) will also be of- | 
fered. Additional information can | 


be obtained from Prof. Edward 


Coleman, Department of Engineer- | 
ing, University of California, Los 


Angeles 24, Calif. 
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ELECTRIC MOTORS 


---AND PROVED 


| Modern as the missile age ... Imperial electric 
motors are created with a background of more 
than 70 years of industrial drive experience. 


Now, through the use of electronic computers, 
multiple-design review is made possible in ad- 
vance of production. Optimum performance is 
assured while delivery of special-purpose designs 
is speeded. 


For standard NEMA motors and for motors to 
meet unusual drive requirements, you will do 
better with Imperial. Write for bulletin covering 
The Imperial Line of integral horsepower motors, 
generators and motor-generator sets for every 
application. 


DRIP-PROOF A-C MOTOR=Today’s 
et Best Buy for Most Applications—Ratings 
from 1 to 200 Hp.— Designs Include 
Flange and Face Types, Multi-Speed, etc. 


WOUND-ROTOR MOTOR-— Open 
Construction—Allows Easy Access for 
Inspection and Excellent Ventilation 
and Self-cleaning Action—From ‘2 to 
150 Hp. 


PRECISION MOTOR ARBOR-—Totally- 
Enclosed Fan-Cooled—An Outstanding 
Example of the Rugged Special-Pur- 
pose Imperial Motor Line for Every 
Industry. 


ELECTRIC COMPANY 
84 Ira Avenue « Akron 9, Ohio 
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Grumman Aircraft Engineering... 
SAVES TAXPAYER DOLLARS WITH 
REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING 


Grumman Aircraft Engineering Corporation has substantially reduced production costs of the exhaust system 
used in the Grumman S$2F Tracker, through the use of Republic ELECTRUNITE Stainless Steel Tubing. 





Since using ELECTRUNITE, Grumman has reduced scrap loss by 50%. Fabrication time is 30% less, 
with further savings through longer tool wear. 


ELECTRUNITE® Stainless Steel and Carbon Steel Tubing is available in a wide range of sizes, gages, wall 
thicknesses, to meet practically any national security, manufacturing, fabricating, and pressure tubing application. 
Call your Republic representative for complete information and specifications. Or, write direct. 


Republic ELECTRUNITE Stainless Steel Tubing, Type 321, is used in the Further savings are realized through Republic’s Steel and Tubes 
exhaust system of the Grumman S2F Tracker, saving taxpayer Division manufacturing facilities of bending, forming, welding 
dollars. ELECTRUNITE can save money for you, too. Circle 428 on Page 19 operations. Write for information. Circle 429 on Page 19 
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REPUBLIC HS6460 HIGH STRENGTH POWDER can be used to produce REPUBLIC NYLOK® SELF-LOCKING FASTENERS provide a single-unit answer to 
comparable strength structural parts at lower manufacturing costs vibration, shock, and tension, A permanent nylon insert forces mating threads 
than obtainable with copper infiltration. Additional production together for maximum holding power in any postion. The relatively inert nylon 
economies can be achieved because fewer operations will be re- resists age and moisture; its natural resiliency permits easy adjustment and 
quired to obtain high density, higher strength parts. HS6460 is repeated use. Republic NYLOK Fasteners are non-galling and require no 
capable of a minimum tensile strength of 60,000 psi at 6.4 density lubricants. Send coupon for descriptive literature; specify bolts or nuts, or 
—100,000 psi after heat treatment. Write today. Circle 430 on Page 19 both. Use the convenient coupon, below. Circle 431 on Page 19 
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GRUMMAN $2F TRACKER—first airplane specifically designed to detect, identify, 
track, and destroy enemy submarines. The Tracker utilizes radar, sonobouys, 
and Magnetic Airborne Detector gear to pinpoint the enemy, then chooses either 
torpedo, depth charges, or rockets to effect the kill. 


REPUBLIC CAN DO IT FOR YOU with complete sheet steel fabrication facilities. 


Contract manufacturing is a full-time operation at Republic's Berger Division. 
Engineers work with you in developing your product and in solving manufacturing, L i T a e L 


assembly, and delivery problems. Well rounded stock of tools, dies, and a 

complete machine shop. Modern production lines for shearing, punching, form- , 

ing, painting and assembly. To learn more about Republic-Berger contract Welds Widet, Kenge 
facilities, cali your Republic representative, or write today. Circle 432 on Page 19 
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REPUBLIC STEEL CORPORATION 

DEPT. MD-9644 

1441 REPUBLIC BUILDING «+ CLEVELAND 1, OHIO 

Please send more information on the following products: 


O) Republic ELECTRUNITE® Stainless Steel Tubing O) Carbon 
O) Republic Steel and Tubes Division Manufacturing Facilities 
0) Republic HS6460 High Strength Powder 

CO) NYLOK Fasteners 0) Bolts C) Nuts 0 Both 

©) Republic Berger Division Contract Facilities 


Firm 
Address 
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O.E.M.pathy” 


*0.E.M.pathy ...@ unique form of 
empathy .. . the sensitivity to un- 
derstand and to react to the prob- 
lems of Original Equipment Manu- 
facturers. Because we are an OEM 
ourselves, we have this sensitivity. 
It means, “We give what we’d like 
to receive.” : 

In terms of research, O.E.M.pathy 
results in unusually good compo- 
nents . . . like the motor shown 
above. It produces components that 
improve your product’s performance 
and salability, saves time and re- 


50 


«, 


POXEAL insulation in this SUPER-SEAL motor needs no bake-out after floods. 


Here’s an open motor that shrugs off flood damage! Proof of 
. 


, 
duces service needs. O.E.M.pathy 
also means regional stocking near 
your plant, complete product lines 
and competent service of national 
scope. 

It’s more than a desire to serve. 
It’s the proven ability to serve you 
as an OEM. At Allis-Chalmers, we 
want your components business. 
We'll work to get it and we’ll work 
to keep it. Allis-Chalmers, Indus- 
trial Equipment Division, Milwau- 
kee 1, Wisconsin. A-1340 


Poxeal and Super-Seal are Allis-Chaimers trademarks. 
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After 31 years of continuous growth and diversification as Bendix Aviation Corporation . . . 


We’ve changed our name to 


The Bendix Corporation 


To reflect our dynamic growth in such fields as electronics, missiles and space, 
automotive, weapons systems, computers, machine tools, instrumentation, 
nuclear technology, hydraulics, meteorology, electrical, marine and others, we 
dropped “‘Aviation” from our corporate name on June 1, 1960. We do not wish to convey the 
impression that our products and skill§ are limited to the aviation field alone, 
although aviation products accounted for billings of $388,700,000 in 1959. 


Today Bendix®—through 25 divisions and 16 sub- 
sidiary and affiliate companies around the world— 
serves many fields. 

Our success in the rapidly expanding age of aviation 
has long obscured the fact that the Bendix automobile 
starter drive was the company’s first major product. 
Bendix introduced the type of four-wheel brakes that 
over the years has been used on most makes of cars. 
Bendix also pioneered automotive power brakes and 
power steering. automotive business in 1959 
totaled $114,300, 

A notable trend in Bendix’ recent history is the 
utilization of elettronics in many of our major fields 
of activity. These range from automobile radios to 
aircraft and industrial communications and automatic 
flight controls . . . from electronic computers and data 
processing ‘to numerical tape control systems for 
machine tools . . . and from transistors and ship-to- 
shore telephones to sonic cleaning and undersea sonar 
detection equipment. Approximately 40% of Bendix 
products are electronic, including air defense radar which 
today guards 25 million square miles. 

Missile and space equipment 


A thousand hat: 


Fi 


adie” 


CORPORAT 


acéounted for $103,000,000 of our total business of 
$689,692,312 in 1959. In addition to being the prime 
contractor for two iiportant missiles, Talos and Eagle, 


-we are also a supplier of components and sub-systems 


for most U. S. missiles. Bendix is likewise taking an 
active part in Project Mercury and in satellite com- 
munications. The first is the program to put a man 
into space. The second will mark a new era in com- 
munications by using a satellite in orbit as a relay 
station for global radio messages. 

Bendix also has a growing and diversified nuclear 
program. Since 1949 we have operated the Kansas City 
Division for the Atomic Energy Commission. It is a 
large manufacturing organization employing 7,500 
people engaged in the atomic weapons program. We 
also supplied control mechanisms for nuclear sub- 
marines and nuclear industrial power plants, and we 
are playing a part in developing the newest U.S. atomic 
power plants for aircraft, missiles and space vehicles. 

Thus, as we drop “Aviation” from our corporate 
name, but not from our programs, we face a tomorrow 

where the range of our opportunities 
is broadening at a breathtaking rate. 


diversified products 
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VINYL-ON-METAL is cooperative. 
Stamp it out. Punch it out. Even 
weld it! Form it the same ways you 
form unfinished sheets. The unique 
colors, textures and patterns of 
Vinyl-on-Metal sheeting or coils’ 
‘remain unaffected. The tough 
resilient surface stays—won't alle) 
or peel in use. It protects against 
tearing or wrinkling —minimizes 
surface damage during fabrication 
and assembly. Vinyl-on-Metal 

‘is already widely and successfully 
used for furniture appliances, 
transportation interiors, building 
(oro}arsiaaeiend(elanmr-lale mm lamonr-lahyme)eal-ig 
fields. For a highly informative 
booklet, “Vinyl on-Metal,’’ write to 
Monsanto Chemical Company, 
Plastics Division, Room 753, 


Springfield 2, Mass 


Monsanto developed and today supplies Opailon® and 
Uitron® vinyls for superior finishes on steel, alumi- 
num, and other metals, and on wood, paper and glass. 


scvevorer wn PLASTICS 


Monsanto 
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Bartect performance for 100,000 hours at orange heat, in the 
combustion chambers of diesel engines, is quite an achievement. 
Yet it’s the record of tens of thousands of special combustion cups 
of HASTELLOy alloy C in a well-known line of diesels. 


The alloy was chosen for its unique high-temperature strength 
and corrosion resistance and its outstanding ability to hold heat. 


These and other special properties are built into HAYNEs alloys 
—to fit the particular needs of design and production engineers for 
machinery parts that must meet the roughest service conditions. 


If you are designing such a part, investigate HayNes alloys. 
There are more than 15 to choose from. They include HayNEs 
STELLITE cobalt-base alloys, HAYNES iron-base alloys, HAYSTEL- 
LITE cast tungsten carbide, and HAsTELLoy nickel-base alloys. 
They are available as castings, forgings, completely fabricated 
parts, or as sheet and bar stock. All parts can be furnished ma- 
chined or ground to specified size and finish. 


ALLOoOyws 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 


HAYNES 
Alloys 


will do 
the job! 


WS Tkey 
(oy-Vedsiiels 


Address inquiries to Haynes Stellite Company, 30 East 42nd Street, New York 17, N. Y. 


The terms “Haynes,” “Haynes Stellite,” “Hastelloy,” “Haystellite,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 


ABRASION. Ten times the life and 
still no sign of wear, is the record 
of this plastics-extrusion torpedo 
nose made of HAYNEs STELLITE al- 
loy No. 3. This is one of many 
Haynes wear-resistant alloys. 


CORROSION. Baskets made of 
HASTELLOY alloy C used for hold- 
ing forgings during acid treatment, 
are still good after 15 months of 
service. Materials formerly used 
were replaced every month. 
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HIGH TEMPERATURE. Turbine 
wheels in the “hot” ends of diesel 
engine turbochargers are invest- 
ment-cast of Haynes STELLITE al- 
loy No. 31, for service at speeds up 
to 50,000 rpm. at 1500 deg. F. 
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CONSTANT SPEED AND TORQUE OF 
EMERSON ELECTRIC MOTORS 


is assured by balanced 
Die-Cast Rotors 


The precision tolerances of the rotors in Emerson Electric 
Motors insure a uniform air gap for constant speed and 
torque. Noise and vibration are kept to a minimum by 
the symmetrical rotor design that provides a porous- 
free casting. The rotor is supported on each side to 
decrease the bearing load and give your application long, 
trouble-free operation. 


EMERSON ELECTRIC MOTORS are custom engineered 
to suit your specific needs. Call us today—you'll like our 
way of doing business! 


EMERSON ELECTRIC of St.Louis + Since 1890 


DEPT. M14, 8100 FLORISSANT @ 
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LOUIS 36, 


MO. 


e CO 11-1800 
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116 reasons why we can help you put 
your finger on the right plastic faster 


x 


1G | grades of Vulcanized Fibre... 


This will give you an idea of how 
surely National can help you pin- 
point exactly the plastic you want. 
National has the broadest line in 
the industry, including standard 
forms, precision - fabricated parts, 
and a huge stock of many grades 
ready for immediate shipment. For 


— 


fast help, samples, or more informa- 
tion, contact your nearby NVF sales 
office. You'll find the ‘phone number 
in Sweet’s Product Design File 
2b/Na. Or write NVF, Dept. TT, 
Wilmington, Del. It’s a direct line 
to the one best material per dollar 
of design performance. 


. 
| S| grades for printed circuits... 


VULCANIZED FIBRE CO.7 


x NATIONAL 


MINGTON 99 D £ AWAR 


In Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD. Toronto 3, Ontario 





, Send for 
o Bulletin 
No. AM-1 


28828288 3° 
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Typical torque and horsepower curves for three sizes of Gardner-Denver 5-cylinder radial air motors. 


Power curve proves high starting torque 
of this radial air motor 








IN INDUSTRY—SPEEDING THE PACE, 


the Gardner-Denver specialist is an 
integral part of the team. He works 
side by side with engineers and de- 
signers, helping to solve their problems, 
for at Gardner-Denver there’s no sub- 
stitute for men—our 100-year philoso- 
phy of growth. 








Here’s a compact air power package that develops high starting 
torque and maintains smooth power under all speed and load 
conditions. Gardner-Denver’s 5-cylinder radial design provides 
accurate counterbalancing and overlapping power impulses. At 
least two cylinders are always on the power stroke and three 
during part of the cycle. Heavy loads start easily . . . accelerate 
smoothly. 


This Gardner-Denver air motor also offers control flexibility, 
vibrationless operation, high torque at any speed, freedom from 
overload damage and spark-free operation. 


There are six Gardner-Denver radial air motors from which to 
choose, with power and speeds for a wide variety of applications. 
Sizes from 2 to 16 hp. Direct drive or built-in gear reduction. 
Reversible and non-reversible models. Put air power to work in 
your design. Contact your nearby Gardner-Denver representative 
for complete information. 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 


In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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® SCOTSEAL* 


A new concept in oil seal design! 


Integral sealing surface prevents major causes of leakage 


It is now generally recognized that major causes of leakage among 
shaft type oil seals are: improper handling before assembly, damage by 
the assembler or shaft during installation, and improper shaft finish. 
Experts say surface finish of from 5 to 15 microinches is most desirable 
—but this is often prohibitively expensive. 

The C/R SCOTSEAL precludes any possibility of damage by handling, 
installation, or shaft finish because the sealing lip does not touch the 
shaft! C/R’s development of SCOTSEAL’s integral, self-contained 
sealing surfaces assures you of reliable performance unsurpassed by 
the finest machined shaft surfaces. 


HIGH PERFORMANCE OPERATION 
Field tests have shown that this new C/R SCOTSEAL: 
e SEALS WITH GREATER EFFICIENCY 
e RUNS COOLER WITH LESS FRICTION 
e DELIVERS GREATLY INCREASED SERVICE LIFE 
e ELIMINATES SHAFT SCORING 
e PREVENTS SEAL LIP DAMAGE AT ASSEMBLY 
e REDUCES ASSEMBLY AND REPLACEMENT COSTS 


UNIQUE DESIGN The C/R SCOTSEAL is designed and constructed 
to seal within itself. In effect it is a self-contained oil sealing cartridge. 
This sealing cartridge consists of two parts which have relative motion 
to each other. In the illustration above, the outer Unit (A) is an 
encasing member. A portion of the inner surface of this shell serves as 
the surface against which the sealing member runs. The inner unit (B) 
is the metal reinforced, bonded synthetic rubber sealing member. In 
the external design, illustrated, the sealing member pushfits over the 
shaft and becomes a part of it—actually moving with it—and the metal 
case or shell pressfits into the housing bore. On internal designs, the 
sealing surface pushfits on the shaft and the sealing member is contained 
in the shell which pressfits in the bore. 


PRE-LUBRICATED Since the sealing element is enclosed, prelubri- 
cant applied during fabrication stays in place and lubrication is supplied 
to the sealing lip through centrifugal action, giving extra protection 
particularly during starved conditions. Where the seal will be exposed 
to considerable dirt and water, a dirt lip is provided. Also, drain holes 
can be provided in the shell adjacent to the dirt lip. Centrifugal force 
will then sling dirt and water out . . . keeping the C/R SCOTSEAL as 
free as possible from abrasive elements. 


ECONOMICAL Significant savings or cost reductions can be realized 
with the C/R SCOTSEAL. Where normal lip-type seals ideally require 
a shaft surface finish of 5 to 15 microinches and minimum hardness of 
Rockwell C30, no special finish or hardness is required for the SCOT- 
SEAL. Shafts need not be specially hardened, ground and polished over 
the area where the seal contacts the shaft. Nor are wear sleeves shrink- 
fitted on the shaft required. All of these operations are eliminated 
when the C/R SCOTSEAL is used. The savings in machining costs 
alone will more than offset the slightly higher first cost of the seal. 
And there is no possibility of lip damage in installation. Additional 
dependability and quality will accrue to your assembly in the minds of 
the end-user. There will be no scored shafts to remove and refinish. 
Replacement of the SCOTSEAL, if necessary, is a quick, simple 
procedure. Thus, equipment downtime and maintenance costs will be 
reduced. 





APPLICATION The C/R SCOTSEAL is currently providing in- 
creased sealing efficiency and extended service life on truck, bus and 
trailer axles. Its advantages indicate application wherever a high 
production run is involved; where oil retention is difficult; and where 
equipment downtime and replacement costs are critical. In broad terms, 
the SCOTSEAL may be used wherever an oil-tight press is possible. 


(SEE ILLUSTRATIONS ON OTHER SIDE) 


* Self Contained Omnipurpose Type SEAL. Trade Mark 





Shaft Type Scotseals... 


The versatility of the basic C/R SCOTSEAL concept is illustrated 
below. Note the many different configurations, as well as material 
combinations, that can be developed, all embodying the self-con- 
tained principle, but fitting ideally the requirements of various 
applications. 
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TYPICAL INSTALLATIONS... SEALING BEARINGS 


























External Type SCOTSEALS 
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External Internal 


LEGEND: (a) Sirvene Gasket (b) Dirt Lip (c) Sealing Lip (d) Expanding Spring (e) Contracting Spring (f) Drain Hole 
(g) Chaplets—keep sealing element spaced axially within its shell to insure proper installation. 





To OEM’s who want to 
reduce the size of 
their control panels 


The small size of General Electric panel 


components offers OEM’s the opportunity 


to reduce the size of their panels up to 


40%. Consider these 


Example 1: Suppose you lay out a 
panel—including several size 1 or 2 
starters or contactors—and the de- 
vices you choose fill up 900 square 
inches of space. To meet JIC stand- 
ards, you must then enlarge your 
panel to 1170 square inches (add- 
ing 30% of clear panel mounting 
space). Because General Electric 
starters and contactors in these sizes 
are from 10 to 50% smaller than 
those of major control suppliers, 
you can avoid enlarging your panel 
beyond 900 square inches by using 
G-E devices. And you can still meet 
the standards and save on the sheet 
metal and labor required for a larger 
panel. 

Example 2: If you build motor con- 
trol centers in 7-, 944-, and 14-inch 
modules, you can stack General 
Electric size 2 starters eight com- 
partments high. (This compares to 
five for most leading control man- 


two examples: 


ufacturers.) Thus you can save in 
steel work and up to 40% in the 
user’s floor space. 


Similar advantages of small size, 
minimum wiring time, mounting 
convenience, and fast delivery are 


available with not only starters and - 


contactors but also with General 
Electric relays, pneumatic timers, 
and push buttons. You can get some 
of these advantages from other man- 
ufacturers of panel components, but 
General Electric offers all these 
measurable advantages— and the 
greatest over-all savings to you. 


For more information, contact 
your General Electric Apparatus 
Sales Office or request bulletins 
GEA-7020 (magnetic starters), 
GEA-7021 (relays), and GEA-5779 
(oil-tight push buttons) from Gen- 
eral Electric Company, Section 811- 
09, Schenectady 5, N. Y. 








You get MEASURABLE ADVANTAGES 
WITH GENERAL ELECTRIC CONTROL 








Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


June 9, 1960 
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SIZES 0 AND 1 STARTERS are 42% smaller 
than previous forms and about the same 
height as G-E 4- and 6-pole machine 
tool relays. Straight-through wiring 
means no looping of wiring around sides; 
only ¥2-inch side spacing required be- 
tween starters. 


REDUCE YOUR 
PANEL SIZE 
BY ONE THIRD! 


SIZE 2 STARTERS are 34% smaller than 
previous forms; can reduce your panel 
space by 1/3. Wiring, coil, contacts, and 
overload relays are all accessible and 
removable from the front, eliminating 
need for extra space around the device. 


COMPACT RELAYS save space, simplify 
installation and inspection. Less wiring 
room is needed because all terminals are 
in front. Machine tool relays are avail- 
able in 2- through 12-pole forms. 


2-IN-1 ILLUMINATED PUSH BUTTON replaces 
standard oil-tight button and light. This 
means a saving in money and a measur- 
able 50% saving in space. 
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How General Electric’s zavS3ezao motor gives you MORE THAN A MOTOR... 


IT’S 10 TO 1 THE MOTOR YOU 
NEED !IS IN THIS PICTURE 


Good odds, aren’t they? 

And true. The Tri/Clad ‘55’ motor constructions 
shown above will meet an estimated 91 percent of all 
applications for small integral-hp motors. Add to this 
literally thousands of electrical variations possible and 
you can see: There’s an exact Tri/Clad ‘55’ motor for 
your application. 

You may choose the rugged, versatile Tri/Clad ‘55’ 
standard motor. Or, if yours is a special application, 
there’s a complete line of industry-specified motors to 
choose from. Also, G-E engineers will help you tailor a 
Tri/Clad ‘55’ motor to meet unusual requirements. 

Why not investigate the full line of General Electric 
Tri/Clad ‘55’ motors today? You’ll find Tri/Clad ‘55’ 


motors give you more than a motor... in out- 
standing performance characteristics and many unpaid- 
for “extras.”” Contact your nearby G-E Apparatus 
Sales Office or write Section 840-29, General Electric 
Co., Schenectady 5, N. Y. 


Other ‘More Than A Motor’’ Benefits of G-E Tri/Clad 
*55’ Motors: On-time Delivery e Expert Application 
Aid e Fast, Local Backup Service e Constant Design 


Innovation e Durable, Long-life Performance. 


GENERAL @@ ELECTRIC 











FULL LINE of Tri/Clad motors includes: (A) Footed dripproof, 
polyphase (B) C-face, close-coupled pump (C) Explosion-proof, 
non-vent (D) TEFC (E) Vertical, hollow-shaft (F) Vertical, solid- 
shaft, P-base, single-phase (G) Vertical, solid shaft, P-base, poly- 
phase (H) Enclosed, air-over (I) Single-phase, general-purpose 
(J) Hydraulic pump (K) Dripproof, resilient base (L) Single-phase, 
farm motor (M) Explosion-proof, fan-cooled (N) C-face, round- 
frame (O) Brake motor (P) Enclosed nonventilated, polyphase 
(Q) TEFC, severe-duty (R) Thinline, enclosed (S) Fan-cooled, 
single-phase. All give Tri/Clad ‘55’ motor quality. 


A GENERAL ELECTRIC APPLICATION ENGINEER, working 
with your engineers, can provide valuable assistance in 
helping you solve unusual motor application problems. He 
can bring years of integral-horsepower motor experience 
and knowledge into action for you. 
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7 a Cc Here truly is a new dimension in automated 





p< = | controls! Delavan’s new SONAC uses ultra- 


sonic energy for its ‘“‘beam”’. This new concept offers many advantages over available sensing 


devices. SONAC has no lamps to burn out... nothing to replace... eliminates down time. 


SONAC is unaffected by vibration, dust, industrial contamination or ambient light. SONAC will 


sense ferrous and non-ferrous metals, liquids or solids, transparent or opaque materials, yet 





requires less power than an ordinary flash- aie 


light. These are a few of SONAC’s advantages. 


4 J 








Send for this complete de- 
scriptive booklet. There’s 
no cost or obligation. 


DELAVAN 


Manufacla ung Company 


WEST DES MOINES « IOWA 
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ENGINEERING FACTS ABOUT R) 


TEFLO 


FLUOROCARBON RESINS 











No. M-9 
in a series 


MECHANICAL 
DESIGN 
Hose Lined 
with TEFLON ® 











Hose lined with TEFLON® provides economical solution 
to the most difficult fluid-handling problems 


In any fluid-handling service involving such problems as tem- 
perature extremes... threat of corrosion . . . continuous flex- 
ing, torque or vibration . . . high pressures . . . adhesion of 
sticky substances, the use of hose lined with TEFLON TFE 
fluorocarbon resins provides a uniquely effective solution. 
Such hose can give longer life and better performance, cut 
replacement and maintenance expenses, prevent costly down- 
time, and in fact do jobs for which conventional hose could 
not have been considered. 

TEFLON resins are inert to virtually every chemical and sol- 
vent. The TFE resins are rated for continuous use up to 500° F 


Hose lined with TEFLON also offers long flex life, easy cleana- 
bility and unique anti-stick properties. With reinforcing, serv- 
ice pressures up to 6,000 psi are being achieved. 

A wide selection of industrial hose constructions with liners 
of TEFLON TFE resins is now available to meet your needs. 
In addition to the wire braided reinforcement and a variety of 
industrial couplings, there are elastomer coverings, fiber braids 
and convoluted liners of TEFLON for extra flexibility. 

On the following page you will find some examples of the 
cost-cutting advantages made possible by hose lined with 
TEFLON TFE fluorocarbon resins. 
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Hose lined with TEFLON” offers high heat resistance 
... long flex life... unsurpassed durabilit 





HEAT RESISTANCE: Hose is in alternate 350°F. 
steam and cold water service on this plastics 
platen press. Prior to the use of hose lined with 
TEFLON, scale formation plugged the hose in a 
matter of months. After 5 years, seven hoses 
lined with a TEFLON TFE resin were still un- 
harmed and unplugged. 


LONG FLEX LIFE: At this plant, rubber hoses or 
metal pigtails lasted 3 months at best, loading 
helium, nitrous oxide, and carbon dioxide into 
cylinders. Hoses ‘ined with TEFLON show no 
deterioration after 16 months. Reduced stiffen- 
ing and frosting at the 0°F. loading temperature 
improved the weighing accuracy. 


FOR MORE INFORMATION about reliable hose installations, 
and the design properties of Du Pont TEFLON resins that make 
possible this superior hose performance, consult your hose sup- 
plier or write to: E. I. du Pont de Nemours & Co. (Inc.), Poly- 
chemicals Department T-2569, Room 2526, Nemours Building, 


Wilmington 98, Delaware. 


In Canada: Du Pont of Canada Limited, P.O. Box 660, Mont- 


real, Quebec. 


2 
a 








HEAT RESISTANCE: Steam press used in the 
manufacture of battery casings relies on hose 
lined with TEFLON to withstand tough operating 
conditions. Eight hoses are used in each of the 
steam presses, which have operated more than 
three years without a hose failure. Hoses for- 
merly used were replaced every few months. 


DURABILITY: Hose lined with TEFLON TFE resin 
helped adapt this standard roller coater ma- 
chine to corrosive high-temperature service. To 
suit customers’ needs, the hose had to handle 
heat transfer oil at up to 400°F. Hose lined with 
a TEFLON TFE resin provided the necessary re- 
sistance to heat and solvents. 


¢ 





LONG FLEX LIFE: Cleaners and garment maniu- 
facturers are now using hose lined with TEFLON 
fluorocarbon resins carrying steam to their 
presses. Above is one of 100 units at a location 
so equipped 16 months ago, and there have 
been no failures. Previously, hose life on some 
units was as low as two weeks. 





DURABILITY: Fuel header of a locomotive uses 
12 feet of hose lined with TEFLON to carry fuel 
to the injector pumps. These fuel lines have 
demonstrated exceptiona! durability in service. 
They have been installed on 5 locomotives, and 
will be put on all locomotives as they come in 
to be overhauled. 


TEFLON 


FLUOROCARBON RESINS 


TEFLON is Du Pont’s registered trademark for its family of 


fluorocarbon resins, including TFE (tetrafluoroethylene) 


resins and FEP ( fluorinated ethylene propylene) resin. 


REG. u_s. pat. OFF 


BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY 








NOW! AN AEROQUIP LIGHTWEIGHT HOSE OF TEFLON 


NEW “super gem” Reusable Fit- 
tings of brass and carbon or stainless 
steel provide permanent blowoff pro- 
tection, won't leak, and resist corrosion. 


“a 

NEW lightweight hose of Teflon has tough, 
stainless steel wire braid reinforcement, ex- 
truded Teflon inner tube, withstands —100° F. 
to +450° F. temperatures without deterioration 


LOWER COST OF NEW AEROQUIP 2807 & 2808 0.0. | Working Pres., psi. | min, | Min. Bend 


Tube Size | Steam* | “Cheasical Burst psi.| Rad., Ins. 
HOSE OF TEFLON PERMITS WIDE USE a ais 
IN STEAM AND CHEMICAL APPLICATIONS es Ep 


r 2807-8 200 1000 
Development of Aeroquip 2807 and 2808 Hose of Teflon ex- 2807-10 200 800 


tends the practical use of this high temperature, chemically 2807-12 200 800 
inert hose type to many new applications. The new lightweight 2807-16 200 800 
design of both Hose of Teflon and its patented* ““super gem 2807-20 200 600 
pr eg alte —— : pinsar” ina. rr gat to e068 ‘s ome —ar 
other Teflon hose, without sacrifice in quality. This savings is 2808-10 % 200 1900 
passed on to you. 2808-12 % 200 1000 
Exceptionally long service life is possible in steam and chem- 2808-16; | 200, 1000 
ical use, even where flexing and vibration are constant prob- 2808-20; i% 200 800 4000 
. . * ° ° 
lems. Operating temperature limits are —100° F. to +-450° F.t Cab ©, ciminamasebastnaatea maaan 
The unique “super gem” Fittings are leakproof and blowoff 
proof, yet can be detached and reused again and again. Fitting : 
| ilable include male pipe, J. I. C. swivel and 2-bolt saeanvie. oem 2 
sty es availa inciv Pp P ’ ote . SW complete Fluid Piping *® DESIGN 
swivel flange ends. Service to equipment © PROTOTYPE 
For complete engineering data on Aeroquip 2807 and 2808 i ee ee 
f Tet fill i d il th bel assistance in any 1ELD SERVICE 
Hose of Te .on, Till in and mai e€ coupon Deiow. phase of manufacture. * SERVICE PARTS 


tFor applications requiring higher temperatures, please contact Aeroquip's engineering department. 





























"super geme?? is an Aeroquip trademark. *U.S. Patent Nos. 2,833,567 and 2,731,279. Teflon is DuPont's tradenan:e for its tetrafluoroethylene resin 


Aeroquip Corporation, Jackson, Michigan 
Please send me a copy of Bulletin 1EB-50 covering 2807 


o 
\e ro and 2808 Hose for steam and chemical applications. 
Q e Name 


Title 








Company 





Address 
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~ CENTRAL FOUNDRY avuminum 


ENABLE BUICKS T0 STOP SAFELY AND 
TIME AFTER TIME! 


Finned aluminum brake drums, cast by Central Foundry and used by Buick, dispel heat as much 

as five times faster than ordinary drums, practically banish brake fade, and allow the 

brakes to stay cooler, stop better and last longer. Central Foundry cast aluminum brake drums 

for Buick cars were developed after extensive laboratory research and thousands of miles of road testing 


by Central Foundry and Buick engineers. 


In any application, Central Foundry aluminum castings have many inherent advantages, including 


light weight, machinability, corrosion resistance and excellent heat and electrical conductivity. 


FRONT BRAKE DRUM 


For assistance in the design, 
alloy specification and 

in the choice of the casting 
method best suited to the 
production of your part— 
write today for the new 
24-page book on Aluminum 
Castings or ask 

for a Central 

Foundry sales 

engineer 

to call. 


MacuineE Desicn 





BRAKE DRUMS 
SURELY... 


TURBINE DRIVE BUICK LE SABRE 


TRANSMISSION STATOR FLYWHEEL HOUSING 


PISTON REAR BEARING RETAINER 


ALUMINUM CASTINGS FOR AMERICA’S NEW CARS 


Dozens of automobile components are being A FEW OF THE HUNDREDS OF ALUMINUM CASTING APPLICATIONS INCLUDE: 
developed, tested and produced in alumi- 
num which are greatly aiding car manufac- Intake Manifold Oil Pan 


turers in their efforts to lower weight, reduce . 
costs and, at the same time, increase the Water Pump Body Oil Pump Body 


economy and performance of their cars. Timing Chain Cover Transmission Case 
Water Outlet Steering Gear Housing 
Brake Master Cylinder Differential Carrier 


CENTRAL FOUNDRY DIVISION 


GENERAL MOTORS CORPORATION + SAGINAW, MICHIGAN DEPT. 
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CRONAFLEX® HAS THE BEST DRAFTING SURFACE YOU CAN USE! 


glass. Notice the difference in covering power, cleanness 


Here’s an easy way to prove to yourself the superior 
draftability of CRONAFLEX: place a sheet of it on your 
drawing board, side by side with whatever drafting 
material you've been using. Now draft several lines on 
each. Erase and re-draft. Use your own tools, your own 
techniques. 


Examine the lines you’ve drawn with a magnifying 


Compare pencil acceptance of CRONAFLEX (left) with that of ordinary drafting material. Same pencil 
made both impressions ! CRONAFLEX gives a faster, cleaner, lighter touch, too, because you don’t 
have to bear down as you must with cloth 


Circle 448 on Page 19 


of erasures and line density—especially where lines have 
been re-drawn. You’ve just demonstrated three important 
reasons why CRONAFLEX is the best drafting film 
available: excellent pencil acceptance, outstanding eras- 
ability and good re-drafting characteristics. 
CRONAFLEX has other advantages, as well. Its 


rugged “Cronar”’* 


polyester base holds its size and resists 
kinking. It’s .004” thick for easier, more efficient han- 
dling. Because CRONAFLEX is manufactured from start 
to finish by Du Pont, you’re assured of consistent per- 
formance found in no other drafting film. To learn more, 


write: E. I. du Pont de Nemours & Co. (Inc.), Photo 
Products Department, Wilmington 98, Delaware. 


*Du Pont's trademark for its polyester photographic film base 
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NEW LINK-BELT WORM GEAR SPEED REDUCERS 


fan-cooled 
high capacity 
mpact 


Industry’s most complete line 
for right-angle speed reduction 


Here’s a “cool” solution to those high horse- 
power, high ratio speed reduction jobs . . . Link- 
Belt’s new fan-cooled worm gear speed reducers 
with an aluminum radial fan that directs a 
steady flow of cooling air over the finned sides 
of the housing. Cooler running means increased 
horsepower for each center distance . . . lower 
initial cost. 

Design features also include rugged housing, 
durable centrifugally cast bronze gear, nickel 
steel worm, high capacity roller bearings, and 
automatic splash lubrication. 

Select from a complete line of single or 
double reduction units with horizontal or verti- 
cal output shafts. Ratios from 5:1 to 3600:1, 
torque ratings up to 135,000 pound inches, up 
to 150 horsepower. 











FOR FULL-LINE FACTS 


on Link-Belt’s comprehensive line of speed reducers— 
contact your nearest Lin)-Belt office . . . or check and 
send this coupon to Liik-Belt Company for data on all 
‘or any combination of the following: 


gearmotors—Catalog 2747 
motogears—Catalog 2747 PRUDENTIAL PLAZA, CHICAGO 1, ILL. 
in-line helical gear speed reducers—Catalog 2751 
shaft- mounted speed reducers—Catalog 2618 

worm gear speed reducers—Catalog 2824 
universal worm gear speed reducers—Catalog 2724 FIRM 
parallel shaft speed reducers—Catalog 2719 
fluid drives—Catalog 2747 ADDRESS 
P.I.V. variable speed drives—Catalog 2274 CITY... _____ZONE__STATE 


NAME 
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Gasket engineering 


GASKET EXTRUSION 


When gaskets extrude, serious loss of bolt torque often 
follows. Research indicates that several factors are 
involved . . . and shows how many extrusion problems can be avoided. 


Flange pressure . . . temperature... 
the kind of gasket and its thickness... 
ali are factors in the complex problem 
of gasket extrusion and torque loss. At 
times, aluminum flanges are an addi- 
tional factor that must be considered. 

Studies made at the Armstrong Re- 
search and Development Center have 
made it possible to estimate the effect 
of these various factors. As a result, 
suggestions can now be made that will 
help to clear up many extrusion 
problems. 


Gasket material 

Certain types of resilient materials 
will extrude more than others. Straight 
rubber, for example, is incompressible. 
If it is deflected beyond its recom- 
mended range (about 20%) it will 
simply flow out of the flange. To a 
lesser extent, this is true also of the 





‘ 0 
MATERIAL amr 





30,000 





























Figure 1. Test samples of conventional fiber 
materials (A and C) show extensive crushing 
at 30,000 psi. Accopac AN-890 (B) is not af- 
fected at 100,000 psi. 


less “corky” cork and rubber gaskets. 

Fiber materials have the least tend- 
ency to extrude, but they will often 
give difficulty where heat and high 
flange pressure are encountered. The 
reason is that high temperatures tend 
to soften conventional fiber materials, 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 


E. M. SMOLEY 


Research Physicist 
Armstrong Research and Development Center 


allowing the gasket to flow and causing 
loss of bolt torque. 

This can be avoided by using a dense 
beater-saturated asbestos stock such as 
Accopac AN-890. The photo at left 
demonstrates the unusual resistance to 
extrusion and crushing of AN-890. 


that of cast iron or steel — adds 
another factor. 

As flanges heat up to 300° F. or 
higher, the expansion of the aluminum 
flange substantially increases the unit 
load on the gasket. This increased load 
can cause extrusion of conventional 
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Figure 2. Results of hot extrusion test on cork-and-rubber gasket materia!. Tests 
were conducted at 200° F., with thickness the only difference between samples. 


Gasket thickness 

Generally, the thicker a gasket is, 
the greater is its tendency to extrude. 
This is shown in the above photo. Note 
that a 1/32” thick material has five 
times the crush resistance of the 1/8” 
sample. 

Fiber gaskets exhibit this same ten- 
dency to extrude at thicker gauges. 
In a test involving gauges of .015”, 
.030”, .065”, and .100”, the thinnest 
materials exhibited a torque loss of 
only .5% as against a loss of 76.5% 
for the thickest sample. 

Aluminum flanges 

The wide use of aluminum has in- 
creased problems of gasket extrusion. 
This is partly because high tempera- 
tures and high flange pressures are 
usually involved. But aluminum’s co- 
efficient of expansion — roughly twice 


fiber materials that might give accept- 
able service with cast iron flanges. 
Where aluminum flanges are used, 
Accopac AN-890 is the recommended 
gasket material. This dense asbestos 
composition is being used in many 
critical applications involving high tem- 
peratures and high flange loads. 


Detailed information on the selec- 
tion, design, and performance of resil- 
ient gasket materials is contained in 
the Armstrong 
Gasket Design 
Manual. Write 
for your copy 
of this 32-page 
book today. Ad- 
dress Armstrong 
Cork Company, 
Industrial Division, 7106 Dean Street, 
Lancaster, Pennsylvania. 


GASKET 
DESIGN 
MANUAL 


(Armstrong GASKET MATERIALS 


7860-17960 Beginning our second century of progress 
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Family living today is richer, easier because of a bright array of appliances, 

housewares, and hardware that employ one of the breathtaking Nickeloid Metals. Scores 

of manufacturers already know the extra beauty, the practical utility, and the production 

economy made possible by these metals with gleaming finishes of chromium, brass, copper, or nickel. 
Product designers have combined the functional and the decorative to build faster, more profitable 
sales. Possibilities are endless. Nickeloid Metals, being completely pre-finished, simplify 
the entire manufacturing process, with greater profit. Let.us set up a workshop session with 
your executives in design, sales, purchasing, and production. We have sales 
engineers at nearby sales offices qualified to unfold this fascinating 
picture. Or write us for descriptive catalog. 


Ni¢keloid helps make a familys 


NICKELOID METALS 


SINCE 1898 














_ AMERICAN NICKELOID COMPANY, PERU, ILLING!S - Plants: Peru, Ill.. and Walnutport, Pa. 


Fn 





Only one hydraulic pump offers 
these 4 benefits... AE Hydramite’ 


1. Tapered roller bearings. Two high-capacity, heavy-duty tapered 
roller bearings support the eccentric cam shaft. This means that a 
Hydramite can take more punishment handle heavier unbalanced 
loads and jast longer. The pump casing is ported so that the 


pumping action of tapered bearings will provide better lubrication. 





carved slippers distribute the lead ke this 











3. Curved Slipper distributes thrust load of its plunger and reduces 
unit stress to the point where maintenance is never required at what 
is a critical wear spot in most hydraulic pumps. Also, curved slippers 
riding on the outer race of the cam shaft roller bearing minimize 
scrubbing action between these parts. 


2. Positive pumping action. No cam follower springs to fail. Each 
plunger connects to a curved slipper (A) through a knuckle 


joint (B). In succession, plungers are pushed out by the cam 


shaft roller bearing (C) and pulled back by return rings (D) which 
hold each slipper snugly against outer race of the cam bearing. 


° 


4. High efficiency. With a Hydramite you get an overall efficiency of 
85%. Shown above is typical 10 gpm pump curve. Its flat overall high 
efficiency has little variation between 1,500 and 5,000 psi, What's 
more, with a Hydramite you get positive suction. There is no need 
for supercharging equipment which reduces system efficiency. 


To meet your specific requirements, Hydramite pumps can be 


supplied for constant displacement from 3 to 25 gpm at 5,000 psi 
and 60 to 100 gpm at 3,000 psi for hydraulic fluids with viscosities 
of 150 to 300 ssu at 100° F. In special applications they have 
handled viscosities as low as 40 and as high as 900 ssu at 100° F. 
Special materials and seals permit handling of missile fuels and 


See our four-page 
catalog in Sweet's 
Product Design File, 
or write us 

for reprint 
(Catalog P-60). 


special fluids at higher temperatures. Available in flange, foot or 


face mounted styles. 


Write or call American Engineering Company, Dept. P-147, Phila- 


delphia 37, Pa. Phone: CUmberland 9-3800. 
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AMERICAN ENGINEERING COMPANY 


Division of United Industrial Corporation 
Hele-Shaw Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra-Grate, Perfect Spread and Taylor Stokers. 
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Highly workable and tough! 


ADAPTALOY 
ALUMINUM CASTING ALLOY 


for complex cold forming 


Adaptaloy, an exclusive Federated alloy, has the highest elonga- 
tion and impact strength of any sand cast alloy not requiring 
special practices or heat treatment. It’s an excellent lightweight 
material for moderate strength castings that must be cold formed 
or bent during processing or installation. Dimensionally stable, 
castable by conventional foundry methods, easily anodized and 
color dyed. Adaptaloy is being used successfully for ornamental 
grilles, ball joints, brackets, valve handles, furniture, clamps, 
machine parts. Write or call for descriptive booklet to Federated 
Metals Division, American Smelting and Refining Company, 120 
Broadway, New York 5, N.Y. Telephone REctor 2-9500, or call 
your nearest Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 


( 


ANVGWOD ONINISASY ONY ONILISWS NVOIYAWY 


PHILADELPHIA 3, PENNA. 


Locust 7-5129 


PITTSBURGH 24, PENNA. 
Museum 2-2410 
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Adaptaloy castings are easily cold 
formed and simplify assembly for 
the Sandfort Furniture Co., N. Y. In- 
set photo illustrates one of Sand- 
fort’s cast aluminum furniture set- 
tings—all are cast of Adaptaloy. 


ATED METALS DIVISION 


PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 





... pilot operated control valves 


e Built to JIC standards e interchangeable pilots 
e choice of mounting types, optional features e ac or de, 
any voltage e 4 to 1 in. NPT 


SPEED KING solenoid pilot coils, potted in molded 
resin, are unconditionally guaranteed against coil 
burnout for the life of the valve! And, Speed King pilots 
are totally enclosed, and sealed against entrance of 

dirt or moisture . . . valves are fully air-operated 

for speed and dependability .. . feature a hard-chrome 
plated stainless steel plunger floating in O-rings, to 
eliminate wear-producing metal-to-metal contact. 


For multi-million cycle dependability, specify Valvair® 
SPEED KING control valves. 


8111-3 


Write for free Bulletin SK-100. 
Address: Beilows-Valvair, Akron 9, 


— Bellows -\/alvair 


The Bellows Co. + Valvair Corp. Akron 9, Ohio 
DIVISIONS OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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New Design Opportunities Through Aluminum Forgings 


WHICH ot smo HAS THE WEIGHT ADVANTAGE ? 


The handle on the right . . . because it’s alumi- 
num! This forged aluminum drill handle is a 
good example of how aluminum forgings are 
solving difficult design problems involving light, 
strong tool parts. 

Previously, the handle was fabricated as an 
iron casting .. . and iron castings are heavy, as 
workmen using the drill soon found out. To 
lighten the worker’s load, a search began for a 
new design that would reduce the weight of the 
handle, yet retain its strength. 

Solution: the aluminum forging shown in the 
picture. It weighs only one-third as much as the 


KAISER . 
ALUMINUM 


THE BRIGHT STAR OF METALS 


* RADE MARK KAISER ALUMINUM & CHEMICAL CORP. 


old cast iron handle. Yet, due to the forging proc- 
ess, its strength is even greater. Grain flow lines 
of the metal follow the contour of the part, con- 
centrate at points of greatest stress and shock to 
give the handle amazing strength. 

This highly favorable strength-to-weight ratio 
is One reason why so many designers are turn- 
ing to aluminum forgings for more and more 
commercial applications. Find out how alumi- 
num forgings can best serve your requirements. 
We'll be glad to send you full details on alumi- 
num forging availabilities, tolerances and hand 
forging designs —just mail the coupon! 


Kaiser Aluminum & Chemical Sales, Inc. 
Dept. FO-1089M, Kaiser Center 
300 Lakeside Drive, Oakland 12, Calif. 


Please send me the latest information on commerciai alu- 
minum forging availabilities, tolerances and hand forging 
designs. 


NAME 





COMPANY. 





ADDRESS. 





CITY. ZONE._STATE 
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Stunt Box—vyour Big Plus 
with Teletype printers 


Built into Teletype Model 28 page printers is a control 
device called the Stunt Box. The function of this unique 
component is to provide extra control facilities for both local and 
remote operations. Thus—in addition to transmitting, receiving 
and recording messages and data—the page printer can be 
used for a variety of switching, remote control and 
selective calling tasks. 

The Stunt Box reduces costs by simplifying equipment 
needs and systems arrangements. It is the Big Plus—the 
extra value in Teletype Model 28 page printers and automatic 
send-receive sets. 

Teletype Corporation manufactures this equipment for 
the Bell System and others who require the finest in data 
communications equipment. 

Write for free 20-page brochure, ‘“‘The Teletype 28 
Stunt Box,’ to Teletype Corporation, Dept. 28F, 

4100 Fullerton Avenue, Chicago 39, Ill. 


Circle 455 on Page 19 


Typing Tape Punch 


Send-Receive Page Printer Automatic Send-Receive Set 


TELETYPE 


CORPORATION 


suesioiary or Western Electric Company we. 


MACHINE DEsIGN 





Wherever in 
the world your 
hydraulic machinery 
operates... 





Shell Tellus Oil is there 


Other outstanding Shell Around the world, Shell Tellus Oil is available—under the 
ene same brand name and providing the same performance that 


Shell Rimula Oils —for heavy-duty diesel your domestic customers rely upon. 
engines 

Shell Talona R Oil 40—anti-wear crankcase Tellus® Oil is top-rated as both a lubricant and control 
oil for diesel locomotives P , pon 

Shell Alvania Grease — multi-purpose in- fluid for complex hydraulic systems. Its ability to combat 


dustrial grease : , P ‘ 
Shell Turbo Oils—for utility, industrial and oxidation, rust, sludge formation, wear and foaming has 


marine turbines earned it world-wide popularity. 
Shell Dromus Oils—soluble cutting oils for 3 ; ‘ , 
high-production metalworking No matter where your hydraulic machinery is shipped, 


hell Macoma Oils — for ext ; ; ; 
“ttc.wE:,,_, make Shell Tellus Oil your standard recommendation. Write 


Shell Voluta Oils — for high-speed quench- for complete information. 
ing with maximum stability 





SHELL OIL COMPANY 


Every Shell Branded Industrial Lubri- 50 WEST 50TH STREET.............NEW YORK 20, N.Y. 
cant is named for a sea shell. Shown 100 BUSH STREET. .....SAN FRANCISCO 6, CALIFORNIA 
here is the Cultellus costatus. IN CANADA: SHELL OIL COMPANY OF CANADA, LIMITED 

505 UNIVERSITY AVENUE........ TORONTO 2, ONTARIO 


AN INTERESTING FACT! 
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BALL BEARING DESIGN NOTES 


How Fafnir Ball Bearings help 
spray dryer manufacturer get 


Reduced bearing costs with 
no loss in efficiency 


In spray dryers produced by a New 
Jersey manufacturer for the chemi- 
cal, pharmaceutical, food, and other 
process industries, a solution or 
slurry is fed through a hollow, verti- 
cal shaft and centrifuged outward 
into a drying chamber. 

The spray is forced into a wheel- 
ing vortex by air heated to 200°F to 
1000°F. The hot, turbulent air cur- 
rents evaporate the water and in- 
stantaneously transform the solids 
into powder. The dried products 
and air pass from the chamber 
through a duct to a product collec- 
tor, after which the air is exhausted 
to the atmosphere. 

The driving source of the spray 
dryer is a high frequency induction 
motor. The motor armature is lo- 
cated between super-precision ball 
bearings. Drip feed lubrication is 
employed at both bearing locations. 




















At the lower location, an aspirator 
prevents lubricant from working out 
into the machine’s drying chamber. 
During recent redesigning, the 
manufacturer called on Fafnir to 
review proposed bearing specifica- 
tions. The original design incorpor- 
ated duplex pairs of super-precision 
bearings mounted back to back. 
After studying the loading and 
service conditions involved, Fafnir 
engineers advised the manufacturer 
that single, spring-loaded, super- 
precision bearings, rather than 
duplex pairs, would provide the nec- 
essary capacity, support, and service 
life. A similar recommendation was 
made for a new spray dryer unit then 
under consideration. 
Recommendations of the Fafnir 
engineers were carried out resulting 
not only in full operating efficiency, 
but also effecting substantial savings 


BEFORE 

Two duplex pairs of 
super-precision ball 
bearings were used 
to support the high 
speed shaft of this 
spray dryer. Rede- 
sign specifications 
called for use of 
wider type duplex 
pairs. The change- 
over was believed 

















necessary for satis- 
factory shaft sup- 


port. 
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in bearing costs. 

This case history from Fafnir’s 
engineering service files is typical of 
thousands of ball bearing problems 
Fafnir has helped solve for manu- 
facturers in every field of industry. 
For information about the ball bear- 
ings described here, or for help with 
problems you may have, contact 
your Fafnir branch office nearest 
you, or write The Fafnir Bearing 
Company, New Britain, Conn. 


Fafnir Super-Precision 
Ball Bearing — Pre- 
loaded, angular-contact 
bearings, equipped 
with composition re- 
tainers, are widely used 
in precision-built mech- 
anisms. 


AFTER 

Fafnir engineers, 
after a study of 
loadings and service 
conditions, advised 
that a single, super- 
precision ball bear- 
ing at each location 
would provide 
ample rigidity. The 
change resulted in 
substantial savings 
at no sacrifice in op- 
erating efficiency. 
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Any one of these fatigue-resistant springs 
will outlast a conventional spring 


Yet all of them are competitively 
priced! Size for size, these heavy- 
duty, hot-wound springs withstand 
heavy compressive, tensile or tor- 
sional loads-—throughout longer per- 
iods of service. 

Shot peening accounts for the 
springs’ increased endurance. Shot 
peening imposes a compressive stress 
on the surface that offsets stresses 
set up in service. It also “conditions” 
the surface and eliminates stress con- 
centration points that could lead to 


premature failure in a conventional 
spring. 


Design Handbook On Coil Springs 
But read how you can save space 
and cut costs with fatigue-resistant 
springs (the product of Crucible met- 
allurgy from ore to finished spring). 
Write for the Heavy Duty Coil 
Springs handbook to Crucible Steel 
Company of America, Spring Divi- 
sion, McCandless Avenue, Pittsburgh 
1, Pennsylvania. 


*HEAVY-DUTY HOT-WOUND COIL 
SPRINGS — Crucible makes fatigue- 
resistant and conventional springs of 
carbon, alloy, and specialty steels in 
a wide variety of treatments, from 
Y2” bar size up. Both types are now 
being used in countless applications 
in missile launching equipment, 
freight cars, mining and earth-mov- 
ing equipment. 


HEAVY-DUTY COIL SPRINGS 
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These 
2 UNITS 
are the basis 
fora Complete System 
of relays 


TIME DELAY RELAY 


CONTROL RELAY ” A ia” tn to 
Class 8501 — ng 


Type DO-22 


Here’s why designers and 
users alike prefer Square D... 


Complete selection « Relays available for 
both AC and DC systems—with up to 10 con- 
tacts—in both electrically and mechanically 
held forms. Timing relays with intervals from 
0.2 second to 3.0 minutes—also in AC and 
DC versions. 

Require less panel space « Relays are only 
3” wide, range in height from 34" to 5". Timers 
are just 2%" x 4%6" or 22" x 7*Ym". Mechani- 
cally held relays require no extra panel space. 
No mounting problems e All Type D relays 


and Type A timers have identical mounting 
hole dimensions. 


Easy wiring « Choose either pressure wire connectors or 
slip-on connectors for all terminals. 


Long life « Balanced construction reduces wear on single 
moving part. Epoxy-resin molded coil operates cooler, vir- 
tually eliminates coil burnout. 


SQUARE J) COMPANY 
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Square D s7zw-reveun Relays 


Easy-to-use attachment converts DC relays have mounting dimensions 
Square D Type D relays available any Type D relay to mechanically held and tact arrang t 
with up to 10 contacts with no increase in panel space identical to AC relays 





WIDE CHOICE OF TIMERS 


3 
ie 


Timing relays have i tins Both AC and DC versions convertible 
same ting di i from on-delay to off-delay, using 
as Type D relays Relay-operated timer Matching DC timing relays only a screwdriver 





FAMILY FEATURES SIMPLIFY DESIGN PROBLEMS 


1 
2 er Disassembly from 
H 2 front in 20 seconds, 

>) ; makes Square D 
Type D relays easi- 
est to maintain 











! 
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Mounting dimensions are identical Slip-on connectors 
for Type A timers and Type D relays for all terminals available 





\ 
\ Wrtte for full details » Ask for Bulletin D, Square D Company, 4041 N. Richards St, Milwaukee 12, Wis. 
\ 


1 
JPSHTR: Otte the Srendtodt. Ane of retape senate spn eomnedarinn Tey Alh puny Ne aentrel SpEEe 


Ask your Square D Field Engineer about thenew!/LO program «> G) se ore 
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Custom Made OSTUCO Tubing..... 
gets your product off the ground 


OSTUCO tubing is the exact tubing you need for your product a ae BOA SOF 
because OSTUCO Tubing is CUSTOM MADE for your product. Lae 
Your order is manufactured to your own specifications to 
produce steel tubing especially for your application—the pre- 
cise grade, analysis, size, shape, special anneal and tolerances 
best suited to your own needs. 
Ohio Seamless Tube produces both seamless and electric 
welded steel tubing—is prepared to form many finished or 
semi-finished tubular parts to your designs. 
To get the most from your next steel tubing order, use 
Custom Made OSTUCO TUBING. Contact your nearest Ohio 
Seamless representative, or send part drawings to the plant at 
' Shelby, Ohio—Birthplace of the Seamless Steel Tube Industry 
in America. 


Lig OHIO SEAMLESS TUBE 


4 Division of Copperweld Steel Company « SHELBY, OHIO 


Seamless and Electric Resistance Welded Steel Tubing © Fabricating and Forging 


A-2168A ~ 
Model! illustrated built to 3.5 mm scale. 
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CS From the case of the A. O. Smith Motor Man 


...a line of 800 to 1 hp favorites, built to make 
tough application problems seem easy 


When it comes to building integral-motor-powered equipment, 
make sure of your horsepower source! Before you specify any motor 
brand, consult with your A. O. Smith Motor Man. He’ll show you 
how the horses of A. O. Smith (single-phase integrals — 1-5 hp — 
polyphase — 1-800 hp) help users surmount application barriers. 


And A. O. Smith delivers the horses that deliver the goods! 
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CUPYRIGHT 1960, A. O. SMITH CORP, 


ELECTRIC MOTORS 
Tipp City, Ohio 


A. 0. SMITH INTERNATIONAL S. A. 
Milwaukee 1, Wisconsin, U. S. A. 





From the ONE COMPLETE LINE of 
Power Transmission Drives... 


WORM GEAR 

Precision generated from high 
hardness bronze alloy casting. 
High load carrying capacity. 


HEAT TREATED 

HELICAL GEARS 

Shaved for full tooth contact. 
Pinion integral with input shaft. 
Gear locked in position on 
worm shaft extension. 


Double Reduction owe 
Primary) Drive Shown... Just 
one of 15 types in 159 sizes 
with centers from 2” to ° 


FOOTE BROS. WORM GEAR REDUCERS 
DELIVER DEPENDABLE RIGHT ANGLE POWER 


Gearing is the heart of any drive .. . 
and because more than 100 years of 
successful gear design and manufac- 
turing experience go into every 
Foote Bros. Worm Gear Drive, they 
have built an unequalled reputation 
for performance, durability, and 
operating economy. Foote Bros. 
Worm Gear Drives are widely used 


in every industry in applications 
where dependability isa primary need. 
If your drive problems involve right 
angle, concentric shaft, parallel 
shaft, or shaft mounted transmission 
of power, check the advantages of 
the complete Foote Bros. Power 
Transmission Line. 


NOW! RATED TO LATEST AGMA STANDARDS 


Foote Bros. Worm Gear Drives are rated to the 
latest AGMA Standards. A new Catalog—HGB— 
just off the press, illustrates and describes Foote 
Bros. Worm Gear Drives. Ask your nearby 
Authorized Foote Bros. Distributor for a copy, 


or write today. 


FOOTE EROS. 


OVERSIZE BEARINGS 
Taper roller bearings on 
output shaft; Double row, 
matched angular contact ball 
bearings on worm shaft. 


PRECISION ALLOY 
STEEL WORM 

integral with oversize shaft. 
Carefully matched to worm 
gear for quiet, trouble-free 
service. 


EXTRA STRONG 

CAST HOUSING 

Provides rigid mounting and 
alignment of caps and 

ings. Made of high quality 
cast iron. 








ome e ee aad DRIVES AVAILABLE 
WITH WORM UNDER OR OVER FOR HORI- 
ZONTAL OR VERTICAL MOUNTINGS. 


FAN-COOLED SINGLE REDUCTION DRIVES 
AVAILABLE FOR a OR VERTI- 


CAL MOUNTINGS 








GEAR AND MACHINE CORPORATION 


4567 South Western Boulevard, Chicago 9, Illinois 


POWER TRANSMISSION DRIVES 
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PLASTICS 
in Design 
Engineering 


New Teflon* FEP resin enables Garlock to supply mechanical and 
electrical parts of complexities never before achieved. 


New developments in TEFLON FEP 
shapes and parts by Garlock. With the 
commercial availability of Teflon FEP, 
Garlock can now fabricate mechanical 
and electrical components never before 
possible with Teflon TFE. The reason 
is this—whereas TFE must be proc- 
essed like powdered metals, the new 
FEP has the advantage of being melt- 
processed in conventional extrusion 
and injection molding equipment. 


Think of what this means to you as 2 
designer. You can now specify Teflon 
for the most delicate and complex 
shapes you may design. Teflon FEP 
opens whole new avenues of design 
possibilities . . . parts of the most in- 
tricate shapes . . . wall sections of min- 
imum thinness of .020”-.030” ... 
pieces with the closest of tolerances. 
Garlock also furnishes Teflon FEP in 
rod stock for ready cutting and ma- 
chining. 


Another important point. Developed as 
a supplement to Teflon TFE, the new 
FEP resin exhibits the same fine phys- 
ical properties of chemical inertness, 
top thermal stability, excellent dielec- 
tric strength, and outstanding anti- 
stick and frictional characteristics. 
FEP is rated at a continuous service 
ceiling of +400°F, will resist extreme 
cold down to —395°F. 


At low temperature, FEP has more 
impact resistance than any other 
known plastic. It is virtually unaffected 
by weather and remains unchanged 
when subjected to ultra-violet light 
and ozone attack. Finally, water 
absorption of FEP is zero! 


Turn to Garlock—and their years of 
experience in fabrication of plastics— 
for more information on stock shapes 
and intricate parts of new Teflon FEP. 
The Garlock representative serving 
you will be glad to give you complete 


GA RLOC HK 
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details. Call him at the nearest of 
Garlock’s 26 sales offices throughout 
the U.S. and Canada. Or, write for 
catalog, Garlock Inc., Palmyra, New 
York. 

Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products 


*Du Pont Trademark for TFE and FEP resins 





MASTER GEARMOTORS 


save material, space and money 


Reducer and motor 
in an integrated 
power package 


Particularly suited to low speed applications, this 
Master Gearmotor gives you a highly efficient, self- 
contained unit that saves you money in a lot of ways: 


1. Reduces mounting plate size. 


. No V-belts, chains or sprockets required. 


2 
3. Takes up less space. 
4 


. No separate components—just one compact 
unit. 


. No high speed coupling, or gear and motor 
alignment. 


Master: Gearmotors are available not only in 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


eeeesee06 


open, enclosed and explosion-proof types, but can 
be supplied with an electrically operated Master 
Unibrake Motor—ideal where quick stopping or 
positive holding is necessary. 

Ravings are from % to 125 hp.; reduction ratios 
up to 120:1. You get a maximum choice of mount- 
ings: vertical, horizontal or flange; fluid couplings 
are available for hard-to-start or cycling loads. 

Your Reliance Sales Engineer can give you all the 
facts about the broad line of Master Gearmotors: 
parallel, and right angle, as well as in combination. 
Call the nearest Reliance office for application help, 
or writs for price and rating information. -1658 


RELIANCE ‘ncinetrine co. 
DEPT.286A, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Oniario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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This DEEP-HOLE DRILLING 
MACHINE uses an Ingersoll-Rand 
Motorpump to provide 
high-pressure coolant discharge. 


solves pumping problems for equipment designers 


Ingersoll-Rand today offers machine builders and equipment designers the 
widest possible choice of pump models. Ingersoll-Rand can solve your liquid- 
movement problems and meet your specifications exactly or we will design and 
build the pump you need if existing models can’t be fitted to your requirements! 


Check with Ingersoll-Rand today. The pump specialist at your nearby I-R 
branch office is always ready to help, or write for catalog data. 


of pump progress 


from the leading manufacturer . . . 


Ing ersoll-Rand 


11 Broadway, New York 4, N. Y. 
Immersion and sidewall mounted Motorpumps 
% through 20 hp delivery to 1000 gpm 
heads to 170 ft OTHER I-R PUMPS AVAILABLE 


YL. 
SD) 


Motorpumps Cradle-Mounted Self-Priming Horizontally-Split 
Pumps Motorpumps Pumps 
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STAINLESS 
(STRAIGHT FIN) 


STAINLESS 
(HOLLOW-WALL) 


ALL OF THESE TUBES WERE PRODUCED 
by a remarkable new process called FLO-R 


Tubes like these have never been economi- 
cally available before. The entirely new 
process, known as FLO-ROL, will produce a 
wide variety of internal configurations, in 
high cost alloys, stainless steel, and other 
hard-to-work metals, plus many bi-metal and 
tri-metal combinations. Wall tolerances for 
FLO-ROL tubing can be held to + .0005” and 
diameters to + .002” depending on sizes. 


@ Internally Finned Tubes offer increased 
surface for more rapid heat transfer. 

@ Bi-Metal Tubes—stainless steel tubes with 
tantalum, zirconium, or other expensive 
material offer exceptional corrosion-resis- 


“T-) 


tant qualities without the prohibitive cost. 
@ Hollow Wall Tubes or barrier tubes are 
available in several designs for nuclear 
work or other special applications where 
a chambered tube is essential or desirable. 
@ Thin Wall Tubes for pneumatic lines are 
available with .015” wall or lighter. 


FLO-ROL precision tubular products can be 
furnished from 14” to 214” O.D. and, in some 
instances, in lengths up to 75’. For complete 
information contact your nearest Damascus 
representative or write direct. For prompt 
service send prints and specifications—we 
will be happy to work with you. 














TUSAMASCUS TUBE COMPANY 


STAINLESS STEEL TUBING AND PIPE 


eri ee ee 


Send fornew 
FLO-ROL 
PRECISION TUBE 
BULLETIN TODAY 


GREENVILLE, PENNSYLVANIA 
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Chicago-Allis 
Gh Sune wil for custom molded 
rubber — seals— leather products... 


This temperature regulating application is typical of the 
many thousands of different custom molded rubber prod- 
ucts Chicago-Allis has created to meet specific customer 
requirements. 
(1) By utilizing the flexibility and high temperature resist- 
ing characteristics of silicone rubber, plus the strength of 
nylon for reinforcement, a highly successful valve dia- 
phragm was produced. (2) To create the very efficient valve 
seat shown here, Chicago-Allis designed and bonded an 
impervious rubber to a brass stem. 
In providing rubber parts like these, Chicago- 
Allis not only molds from scientifically formu- 
lated and compounded polymers but assists 
in the design and development of the custom- 
er’'s own product in order to achieve the 
maximum in performance for the entire unit. 


If you purchase molded rubber parts, shaft 
or face type seals, packings, mechanical 
leathers, or power transmission belting, 
ss Chicago-Allis offers you one source serv- 
[ ice. Our complete laboratory, engineer- 
- ing, and manufacturing facilities combine 
: e efforts to produce the finest quality prod- 
. ucts designed especially for you. 
Custom seals that meet maximum uni- Chicago-Allis is fully equipped to . 
formity and quality standards, designed design and manufacture all types of More than 66 years of experience have 
and manufactured to perform specific hydraulic, vacuum and pneumatic pack- enabled our technicians to go directly to 
functions Will operate under all condi- ings, leather transmission belting, tex- . : 
tions. Made in both shaft and face types. tile and mechanical leathers. Let us the heart of every design problem in the 
prescribe the leather part best suited least possible time to produce the most 
to your needs. efficient and economical parts. 
SINCE.1889 
There’s a Chicago-Allis representa- 
tive in your area, willing and anxious 
to serve you. Call him or write direct. 
We will be glad to supply you with a 
catalog which completely describes 
our products and services. 


‘“Chicago-Mlis Engineers 
to your Specifications fe 
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Up to 2'/s times as much holding power! 


Up to 100°, longer fatigue life! 


if 


ae 


New UNBRAKO pHa" HitLife socket screws 
—the advanced-design fastener for the 60's 


Stronger in the head 

















INCREASED 
BEARING 
AREA 


aoe ; New pHd head features increased bearing area, 
more powerful wrenching socket; provides up to 
24 times as much clamping force without indenti 12 
bolted material. This permits higher preloading, 
which in turn helps prevent fatigue failures or 
loosening under vibration. 


Stronger in the thread 






NEW UNBRAKO HI-LIFE 
pci inienitinien. Sa 
ROOT FORM 


OLD THREAD 
ROOT FORM 






Smoothly radiused root of new Hi-Life thread dis- 
tributes stress concentrations at point where 85% 
of screw failures occur. Elimination of sharp root 
corners practically doubles fatigue life, yet new 
thread fits standard tapped holes and nuts, requires 
no special gaging. 


INDUSTRIAL FASTENER Division 


JENKINTOWN 18, PENNSYLVANIA % 





where reliability replaces probability 


*pHd stands for “proper head design” —a factor in higher product reliability 
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Here is the one new socket head 
cap screw that is redesigned 
throughout. UNBRAKO pHd Hi-Life 
is the only standard socket screw 
offering you both the new, larger 
pHd head (1960 Series) and new 
UNBRAKO Hi-Life thread—a com- 
bination unequaled for strength 
and performance. 

Because of its increasec bearing 
area under the head, you can 
tighten a pHd Hi-Life tighter with- 
out indenting the bolted material. 
This safeguards vital preload; pro- 
tects against loosening under shock 
or vibration. At the same time, the 
new Hi-Life thread form drasti- 
cally reduces stress concentrations 
at the root, where the majority 
of screw failures occur. Result: up 
to 100% increase in fatigue life. 

Both the pHd head and Hi-Life 
thread originated in the SPS labo- 
ratories for advanced fastener re- 
search where they were first devel- 
oped for ultra-high-strength air- 
craft bolts. Recognizing the critical 
need for increased mechanical reli- 
ability in industrial and consumer 
goods as well, SPS now offers 
these refinements in a standard 
commercial fastener. Price? The 
same as previous UNBRAKOs. 
Availability ? Immediate—in sizes 
14 through 1 inch. See your author- 
ized industrial distributor or write 
SPS—manufacturer of precision 
threaded fasteners and allied prod- 
ucts in many metals, including 
titanium. Request Bulletins 2406, 
2577. 


TENSION -TENSION FATIGUE TESTS 


PROVE LONGER FATIGUE LIFE OF 
UNBRAKO HI-LIFE THREAD FORM 





Screw Size: %-20 Testing Speed: 1050 cpm 
Cycle Life 





Alternating Old Thread UNBRAKO 





Stress in psi Hi-Life 

(000 omitted) Root Form Threads 
2-20 2,076,000 8,000 ,000* 
3-30 598,000 1,808,000 
4-40 120,700 232,350 
5-50 56,650 89,950 
7-70 22,900 40,000 





*Test stopped—no failure 
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Now—with every 
Miller Cylinder— 
Teflon-sealed Port 
Seals that ‘‘Seal with 
pressure’ are pro- 
vided as standard at 
no extra cost. They 
permit much faster 
positioning of lines 
and fittings, elimi- 
nate ‘‘overtighten- 
ing’’ damage, and 
seal perfectly against 
all operating media. 






es sf CO r RELIABILITY and ECONOMY 





Here are eight more reasons why Miller Air Cylinders con- 
tinue to be the most economical and reliable cylinders that 
money can buy. These stellar features—including the new 
port seals—are standard Miller construction—yours at no 
extra cost. Thus, they provide appreciable savings in 
original investment—particularly for those who insist on 


“J. I. C.” quality throughout. Savings in operating costs are 
even greater, because these features are proven assurance of 
longer cylinder life, greater efficiency, reduced maintenance 
and downtime. 

Specify ‘‘Miller’’ for greater reliability and economy! Write 
for bulletin. 


MILLER FLUID POWER 
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MOYNO.PUMP 


Se Moyno pumps are avail- 
able in nine sizes with 
capacities ranging from 
minimum metering flow to 
500 gpm and pressures 
from zero to 1000 psi. Pos- 
itive displacement delivers 


uniform discharge without pulsation, agitation or tur- 
bulence. Solutions ranging from thin watery slurry to ex- 
tremely viscous paste, corrosives, abrasives and even solids 
in suspension are economically handled without excessive 
pump wear. 

Moyno’s unique “progressing cavity” principle with only 
one moving part and special resistant internal parts slashes 
pump maintenance costs on problem materials that often 
ruin other pumps. Almost any substance that can be forced 
through a pipe can be pumped by a Moyno. 

To learn how a Moyno can cut your pumping costs, write 


today for Bulletin 30-MD 


MOYNOs 





capacities: from 1/100 to S00 gpm 
pressures: up to 1000 psi 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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MOTORS 


“Se si ti, 
dy 


Robbins & Myers} ~ 


Double Width Bearings Hold More 
Grease.../nsure Longer Motor Life! 


Bearings in RoBBINS & MYERS 
motors run in double-width races 
with extra-large lubricant reser- 
voirs. Bearings are fully sealed and pre-lubricated with 
laboratory tested grease which resists dust, temperature, 
humidity and high operating speeds. Tests prove these bear- 
ings can withstand six to nine years of severe service without 
relubrication. Bearings are further protected by metal seals 
on each side. Seals keep impurities out, prevent failure caused 
by “forgotten” lubrication or damaging over-lubrication. 
R&M insures longer motor life with many additional 
features: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . removable caps for quick bearing 
inspection and relubrication . . . end heads that give full- 
height protection . . . dual-sweep ventilation for efficient 
cooling. For details, write today for Bulletin. 520 MD 


* DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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18 lbs. of stainless per ring eliminated by 
flash butt-welding extruded sections 


Amweld experience in forming and flash butt-welding rings from extruded sections reduced 
the cost of $52.00 rings to $21.00 each. A special section closely approximating the cross- 
section of the finished part was selected to replace heavy rectangular bar stock. By leaving 
over 12,000 Ibs. at the mill, the cost of these rings was reduced by 40%—not to mention large 
savings in machining time. 

Amweld is equipped to supply flash butt-welded rings and circular products in stainless, 
titanium, aluminum, as well as a wide variety of corrosion-resistant alloys. If you would like to 
know more about Amweld's welding, fabricating and machining facilities, phone or write. 


GET THE FACTS ABOUT 


® AMWELD 
New 20-page catalog describes 
INDUSTRIAL PRODUCTS flash butt-welded rings and cir- 
cular products manufactured by 
Amweld. Also booklet entitled, 


“How Flash Butt-Welded Rings 
are Made.” 


THe AMERIGAN WRELDING « mrc. co. . 130 pieTz ROAD - WARREN, OHIO 
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Cedarapids Super Commander 
Portable Crushing and Screening 
Plant, built by Iowa Manufactur- 
ing Company, Cedar Rapids, 
Iowa, produces up to 500 tons per 
hour of crushed and screened 
material in four different product 
sizes. 


This high capacity V-Belt Drive handles 


60% more power in 30% less space! 


Higher Capacity of Gates Super HC V-Belt Drives 
solves complex product-development problem! 


In developing a larger crusher, requiring more 
horsepower, Iowa Manufacturing Company was faced 
with the problem of transmitting 400 hp from a 
higher-speed engine in a space that had been just 
enough for conventional V-belts carrying 2590 hp. 

At the higher speeds, centrifugal force made it 
impossible to go to larger sheave diameters to accom- 
modate larger belt sections. A wider span of belts was 
ruled out by Highway Department requirements, 


which restricted overall machine width to eight feet. 

Iowa Manufacturing’s designers solved their pri- 
mary problem of transmitting 60% more horsepower 
with new Gates Super HC V-Belts. 

Because Super HC V-Belts have smaller cross sec- 
tion, use narrower and lighter-weight sheaves, pack 
higher hp capacity in a smaller ‘package’ than con- 
ventional V-belts, designers also succeeded in reducing 
drive weight, width and height —a decided bonus in 
equipment that must be moved frequently both on 
and off the highway. 


Nation-Wide Engineering Service 


Your nearby Gates Representative can show you 
how to reduce drive weight, space and cost with Super 
HC V-Belt Drives. With Super HC, sheave diameters 
can be reduced 30% to 50%, drive space up to 50%, 
and drive weight 20% or even more. 


Ask your Gates Representative for your free copy 
of “The Modern Way to Design Multiple V-Belt Drives,” 
or write to The Gates Rubber Company Sales Division, 
Inc., Denver, Colorado. 


The Gates Rubber Company, Denver, Colorado 
Gates Rubber of Canada Ltd., Brantford, Ontario 


CF 4) 


World's Largest Maker of V-Belts 


aa 


Gates Super ¢> V-Belt Drives 27.2 <2: 


June 9, 1960 
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Do you check these points 
When Buying STAINLESS STEEL Valves 


[] How good are the castings? 

[] How precise is the machining? 

[] How rigid are the inspection and testing? gs 
[] How sound is the design? : 


Just as important as a suitable stainless steel alloy are these 
four checks on valve quality. For long, dependable performance, 
a valve should rate perfect on every one. 


There’s a very good reason why you can be sure Jenkins 
Stainless Steel Valves will do that, unvaryingly: 


For almost a century Jenkins has specialized in making valves. 
And making them to one standard of quality .. . the highest. 
Every operation and every worker is aimed at fulfilling 

that standard. The result is a product that can be backed 

by this 91-year-old assurance for valve users: 


GH Bucy G fer 
If you will put a Jenkins Valve, recommended 
for your particular service, on the worst place 
you can find... where you cannot keep other 
valves tight — and if it is not perfectly tight 
or it does not hold steam, oil, acids, water or 


other fluids longer than any other valve, you 
may return it and your money will be refunded. 


2 LOOK FOR THE JENKINS DIAMOND _. 
Order these reliable 


Jenkins Valves from your local i A “a 

Jenkins Distributor. Ask him or write 4 

us for Stainless Steel Catalog No. 59SS. sage igi 
Jenkins Bros., 100 Park Avenue, 


sa] 


New York 17. Sold Through Leading Distributors Everywhere 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN MACHINE DESIGN 
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Here Is Your Finished Drawing 


Quickly rendered to scale wit 
accurate blue grid lines to g1 
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New Solenoid Air Valves 
Need No Accessories 


Now available for the first time 
are solenoid operated air valves 
complete with all accessories at 
‘bare valve’ prices. Available in 
14 34, and 34 in. port sizes, they 
come in single- and double-sole- 
noid types in 3-way, 4-way and 
4-way 5-port models. 

Features include: solenoids in- 
terchangeable on all models of 
a given size; pre-wire’ plug-in 
type bases, eliminating custom- 
ary wiring; standardization of 
bodies and bases for interchange- 
ability; unusual compactness; 
elimination of troublesome 
fasteners in solenoid assembly 
(which floats in rubber). 

All valves are equipped with screw- 
driver or ball type manual solenoid oper- 
ators with lock-in and lock-out feature. 


Manifold type bases with common inlet 
exhaust, and conduit, available on 14 in. 
models. For complete information, ask 


for MAC catalog #60. 





Plug-in Connectors 
Now Standard on 


All MAC Solenoid 
Valves 


Pre-wired bases, into which you simply 
plug in the valve body, are now standard 
on all MAC selenoid valves—both direct- 
solenoid and solenoid-air types. Bases 
are identical for single- and double-sole- 
noid valves of a given size. 

The same principle is also applied to 
the “add-a-unit” manifold type bases 
available for all MAC solenoid valves. 
With these, from 2 to 10 valves can be 
coupled with common inlet, exhaust and 
conduit. Individual valves can also be 
isolated or pressure fed in from each end. 


With plug-in leads provided on all 
solenoids, wiring of valves has been re- 
duced to the utmost in simplicity. 


Circle 476 on Page 19 


i 
i 
5 





advances in 
PNEUMATICS 
mAC 


evolution of 
valve seals... 


While metal-to-metal seals work well 
in hydraulic valves, where inherent 
leakage is accepted, positive leakproof 
sealing is mandatory in air valves. 
Flexible seals are today accepted as 
vital and they must be so designed that 
sealing efficiency increases with pres- 
sure, The seal should be self-cleaning 
so that foreign matter won’t cause 
leakage. 

At one time O-rings were thought 
to be the answer. O-rings are excellent 
for static sealing or where travel is 
short. O-rings are unsatisfactory, how- 
ever, when used as valve seals crossing 
an orifice due to the shearing action. 


Developing the best design and 
compound for air-valve seals was a 
long and tedious job, since elasticity, 
durometer hardness, compression set, 
and co-efficient of friction are also im- 
portant factors. 


Experience to date has proven that 
the best valve seal is a special Buna-N 
base self-lubricating oil-resistant com- 
pound—bonded to the metal to keep it 
from distorting. 


This is the type of seal used in 
MAC valves. We believe it represents 
an ideal combination. At least, their 
amazingly long life in MAC valves 
seems to confirm that belief. 


President 


MECHANICAL AIR CONTROLS, INC. 


10030 Capital, Oak Park © Detroit 37, Michigan 
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The cold formed 
STRANDVISE jaws 
securely grip the strand 
supporting pole lines. 


Uniform KEYSTONE WIRE 
meets the demand... 


Cold formed jaws that clamp together in a “death grip” hold the 
strand securely when tension is applied — this is the secret of 
Reliable’s remarkable STRANDVISE®. And the secret of producing 
quality jaws successfully is Keystone Wire! 

The jaws are formed in ten cold forging steps — finish is micro- 
checked to a tolerance of +.0015 on smallest chucks. Such rigid re- 
quirements challenged Keystone metallurgists to combine the right 
wire qualities — flowability for extreme forming, uniform temper and 
close control of diameter on a wide range of sizes. Keystone Forging 
Quality Wire continuously performs this intricate die forming job, 
eliminating rejects and waste previously experienced .. . making jaws 
that will not fail— sharp teeth that bite in and hold. We’re proud 
to have helped Reliable find the solution to a complicated forging 
operation. We’ll be glad to help you, too! Invite your Keystone repre- 
sentative in today for a discussion of your wire problems. 


Keystone Steel & Wire Company, Peoria 7, Illinois 


KEYSTONE 


WIRE FOR INDUSTRY 





(Advertisement) 


Let’s take the heat off 


worm gear speed reducer is one of the 
A toughest little customers in captivity. 


It reduces speeds day-in, day-out, with 
little complaint. While it works long and hard, 
it has limitations—set by ratio, center distance, 
RPM, mechanical and thermal HP ratings, etc. 
And, depending upon how precisely it was 
selected and fitted to the job requirements, 
it will do what it has to do. 


But sometimes it’s forced to play outside of 
its league. It must cope with job requirements 
that vary from here to there—normal 8 to 10 
hour service without recurrent shock, the same 
length of service where there is some shock 
loading, continuous low-speed service and al- 
most countless others. But the thing that really 
puts the pressure on reducers, the thing that’s 
lurking in every set of job requirements—is 
h-e-a-t. 


When you exceed the thermal capacity of a 
ceducer for more than an hour or so, excessive 
temperature thins the lubricant resulting in 
wear; material, bearing and oil seal failures; 
etc. Of course, the proper lubricant will help 
but it can’t cure the continuing problem of 
excessive heat. 


So how can we lick this toughy? One way is 
to build the reducer housing oversize, big 
enough to radiate the heat away and keep 
temperatures down. But this type sticks out in 
aisles, louses up compact designs and barks 
shins. Then, we might try a smaller housing 
complete with fins on it to dissipate the heat. 
If this still doesn’t work, another trick is to 
use a reducer with capacities and ratings a step 
above the ones we need. This is sending a man 
to do a boy’s job. It’s impractical, inefficient 
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and costly. There has to be an easier, better, 
saner and cheaper way to do it. And there is! 


In certain cases, where the size and type of 
reducer permits and where we can gain enough 
in thermal HP rating to keep heat generation 
in bounds, Cone-Drive Gears does it with 
fan-cooling. 


What’s that? Simple. Just add a fan to the 
worm shaft plus the necessary air shields, fan 
cover, etc., and presto!—heat is no longer a 
problem. The air shields direct the fan-pushed 
air over the fins on the lower portion of the 
reducer. The fins are shaped and spotted to 
guide the air stream where it is needed. Thermal 
HP ratings are boosted tremendously, as high as 
147% above those of standard reducers in some 
cases! Those over-worked, over-heated reducers 
will now do the job you bought them to do. 


Other advantages? They’re here in abun- 
dance. The size of the reducer stays the same. 
All parts on a Cone-Drive fan-cooled reducer 
are 100% interchangeable with parts for stand- 
ard reducers. Oil capacity is identical. Shields 
are quickly removed without disconnecting the 
reducer. (This is important where severe oper- 
ating conditions make periodic cleaning neces- 
sary). The reducer can also be operated without 
fan-cooling just by taking off the fan and shields. 


This simple addition to standard Cone-Drive 
HU speed reducers might be just your answer— 
might save you some money. Write for Cone- 
Drive’s Bulietin CD-218. It will tell you all 
about the full line of Cone-Drive double- 
enveloping worm gear reducers as well as the 
fan-cooled kind. Cone-Drive Gears, Div. 
Michigan Tool Co., 7171 E. McNichols Rd., 
Detroit 12, Mich. 
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- Compact 4-way fy 


SKINNER 


Solenoid Valves 


assure precise cylinder control 


Here’s how accurate, dependable 
operation is built into 
SKINNER 4-way solenoid valves 


@ Precise flow control—by adjustable metering 

@ Compact, direct acting—two 3-way valves in one housing 

@ Durable and corrosion resistant—stainless steel internal parts 

@ Leakproof, bubbletight sealing—soft, synthetic inserts 

@ Positive operation mounted in any position—spring-loaded plungers 

@ Underwriters approved—wide selection of coils, voltages and frequencies 
@ Wired from front or rear—housing easily reversed 


; ; A. Transparent view of 4-way solenoid valve 8B. Plunger 
@ Adaptable to many uses—optional porting arrangements C. Plunger return spring D. Sleeve E. Coil 


SKINNER four-way solenoid valves 
available in three basic types 





V9 SERIES SPECIFICATIONS 


Media—air, hydraulic oils, inert gases 
Orifice Diameter—%a", Ye", 732", Ye" 
Pipe Size—4" NPTF 


Maximum Operating Pressure Differential—O to 150 PSI 
(up to 225 PSI also available) 


Temperature Range—minus 40°F. to plus 180°F. 
Cy Factor—%a4" .052, Ye" .095, %2” .156, ¥%” .214 
Mounting—'4"” through-bolt holes. 











Normally closed—normally closed V933 
valves with a neutral position. Generally ap- 
plied on double-acting cylinders where the 
piston is in a neutral position without pressure 
when both coils are de-energized. This permits 
manual shifting of the piston without operating 
the valve. 


The Skinner V9 solenoid valve is 
two 3-way valves in one compact 
housing. Both valves may be inde- 








pendently controlled and metered to Normally open—normally open V955 valves 
with a neutral position. Generally applied on 


provide accurate, dependable control double-acting cylinders where both sides of 
of single- or double-acting cylinders, the piston are to be open to pressure when 
or larger pilot-operated valves. both coils are de-energized. Under certain con- 

V9 types are available without ditions, the first operating stroke of double- 
. acting cylinders will be smoother with this 
valve in use. 











adjustable flow and with metering 
at both exhaust ports, both inlet 
ports or full metering of all ports. Normally closed—normally epen V935 valves 
with no neutral position. Generally applied on 
double-acting cylinders where the piston is to 
For complete information, contact be in retracted or extended position with pres- 
a Skinner Distributor listed in the sure when both coils are de-energized. Wiring 

7 is simple—both coils are operated simulta- 
Yellow Pages or write us at the neously and can be controlled by one single- 
address below. pole, single-throw switch. 











When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


SKINNER Vaives 


SKINNER ELECTRIC VALVE DIVISION, 
THE CREST OF QUALITY THE SKINNER CHUCK COMPANY e¢ NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A. 





Things happen fast to a rocketing missile. High-nickel Mumetal shields help tape recorders get it all down accurately. 


How Nickel helps record messages from space 


When a missile rockets off into space, 
it detects all sorts of data — tempera- 
ture, radiation, meteoric dust — the 
many things we need to know in 
order to conquer space. 


Since radio transmission and re- 
ception between missile and ground 
is not always reliable, some missiles 
carry an airborne secretary—a multi- 
channeled tape recorder. 


It records as many as thirty dif- 
ferent bands of data side by side on 
a 11%4-inch magnetic tape. 


Confusion of all the magnetic fields 
crammed inside the tiny head could 
cause messages to come out garbled. 


But there is a way to keep them 
straightened out—by using Mumetal* 
(77% Nickel). This alloy has the 


unusual ability of soaking up mag- 
netic fields like a sponge. Thin, flat 
shields of Mumetal siphon off troub- 
lesome interference. 


The manufacturer also covers the 
whole head with more Mumetal to 
bar stray magnetic fields on the out- 
side from getting inside. And then 
a protective Nickel-chrome plating 
goes on top of that. 


All in all, it’s quite a job Nickel 
does. And something to keep in mind 
the next time you’re faced with a 
problem in your product or process. 
If it has to do with high or low 
temperatures ... magnetism... cor- 
rosion ... fatigue or some other 
factor, write us. We’d be happy to 
show you how Nickel, or one of its 
alloys, may be able to help. 


Tiny magnetic head of tape recorder has 
Mumetal shields to trap magnetic in- 
terference, help Davies Lab. Division 
of Minneapolis- Honeywell pack much 
in little space. Nickel-chrome plating on 
cover adds durability, corrosion resis- 
tance, and attractive appearance. 


*Trademark, Allegheny Ludlum Steel Corporation 


The International Nickel Company, Inc. 
67 Wall Street eo New York 5, N.Y. 


INCO NICKEL. 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Precision 
Small 
Packages... 


Series “SM” 


Series “V3” 


Series “TB” 


All basic switches shown 
approximately actual size. 


o “ - 


Series ““1SX” 


The actuators which form the back- 
ground on this page are only a few 
of the hundreds available for these 
MICRO SWITCH Basic Switches. miCRO 
SWITCH engineers can help: you 
choose not only the right switch, 
but also the right actuation meth- 
od for your particular application. 


Series ““Z” 


MAcHINE DEsIGN 
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cca ate, 
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Start with the Best 
in Basic Switches! 


When design dimensions get you thinking small, don’t 
let that carry over into the consideration of switch 
quality. MICRO SWITCH Basic Switches consistently save 
you space, but never at a sacrifice in precision and reli- 
ability. Start with the best and be sure of the exclusive 
MICRO SWITCH spring and anchor designs; get the pro- 
tection of materials testing “by the inch” and operational 
tests that exactly duplicate the conditions under which 
your switch must operate. You also get more years of ex- 
perience for design consultation because MICRO SWITCH 
pioneered the subminiature switch industry. Variations 
on these basic switches number in the thousands, includ- 
ing those designed to meet military standards. You'll find 
it easy to select exactly the right answer with the prompt 
help of the nearby MICRO SWITCH branch office listed in 
the Yellow Pages. 


TYPE “Z” AND “A” BASIC SWITCHES 


These are the original basic switches that 
were the pioneers in small snap-action pre- 
cision switches. Today hundreds of varia- 
tions serve with precision and reliability in 
thousands of jobs throughout industry. 


TYPE “V3” BASIC SWITCHES 


Miniature size with very high electrical 
capacity. The “V3” Series includes many 
different types of terminals, contact arrange- 
ments, and materials for a wide range of 
operating temperatures. 


TYPE “TB” BASIC SWITCHES 


These are small, two-circuit double-break 
switches for controlling two isolated cir- 
cuits. They save space and weight, allow 
flexibility and simplicity of circuit design. 


BASIC SWITCHES 


“SM” Subminiature Switches bring MICRO 
SWITCH precision to applications where 
space and weight limitations are critical. 
Many different “SM” types are available 
to meet varying requirements for high- 
temperature applications and long operat- 
ing life. Special gold or bifurcated contacts 
are also available. 


TYPE “1SX”" BASIC SWITCH 


This sub-subminiature is the smallest single- 
pole double-throw snap-action switch avail- 
able. Despite its tiny size it combines long 
cperating life with ample electrical capac- 
ity. This is a perfect example of MICRO 
SWITCH precision in space-saving sub-sub- 
miniature size. 


Write for New Catalogs 62 and 63 
on Small Basic Switches. 


MICRO SWITCH . . . FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


This 72-foot control panel is part of equipment 
for monitoring tests where your operating meth- 
ods and environmental conditions can be dupli- 
cated exactly for millions of switch operations, 


ets an H Honeywell 
MICRO SWITCH Precision Switches 


| @PIBBEERING THE FUTURE 


YEAR 
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BE SUR Ewin LOGAN 
4 Se , po 


Of all U.S. Metalworking Plants 


‘ \hegam 


AIR and HYDRAULIC 
EQUIPMENT 


Cataloged Lines 
of 
Air and Hydraulic 
Cylinders 


: 


LOGANSPORT MACHINE CO., INC. 
811 CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG 


(0 100-1 AIR CYLINDERS (2) 200-1 HYD, POWER UNITS 

[) 100-2 MILL-TYPE AIR CYLS. [] 200-2 ROTOCAST HYD. CYLS. SEND FOR 

(C] 100-3 AIR-DRAULIC CYLS. (CJ 200-3 750 SERIES HYD. CYLS. YOUR COPY OF 
[J 100-4 AIR VALVES [J 200-4 AND 200-7 HYD. VALVES 

[J 100-5 LOGANSQUARE CYLINDERS [J 200-6 SUPER-MATIC CYLS. 

[] 100.6 ULTRAMATION CYLINDERS (2) 300-1 cHucks A down-to-earth 

[J 300-2 PRESSES [] ABC BOOKLET 20-page booklet 


(CO FACTS OF LIFE C) circuit RIDER 
on the “rights” and “wrongs” in setting up 


cma and servicing air and hydraulic equipment. 





MEMBER: National Machine Tool Builders’ Assn.; 
National Fluid Power Assn. 








— 
S 
co 
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Static-powered or motor-generator 





Static-Powered model utilizes magnetic amplifier principle to re- 
place conventional motor-generator set. There are no moving parts 

to weaken from wear. New forced-filtered air ventilation system . 
reduces floor space required . . . simplifies installation. 


satiecenccarcaactioniatis 





Motor-Generator model, newly redesigned, features new cabinet,” 
silicone-insulated d-c motor, new electronic regulators which simplify 
maintenance and positive-pressure ventilation for longer, troublé-free 


operating life 


WESTINGHOUSE HAS THE ADJUSTABLE-SPEED DRIVE YOU NEED! 


When you need smooth, stepless adjustable speed, look to the 
complete line of new Westinghouse AV adjustable-speed drives 
..- available in both static-powered and motor-generator models 
. . . Whichever is best suited for your particular application. 
Designed for use with motors 1 to 200 hp, Westinghouse AV 
adjustable-speed drives provide constant torque over an 8 to 1 
speed range—10 to 1 with slight modification—and are also 


available with constant-hp speed ranges. 
All Westinghouse AV adjustable-speed drives are completely 


pre-engineered, assembled and factory tested. Since all compo- 
nents used are service-proven Westinghouse products, you are 
assured of the benefits of sole responsibility from one single 
supplier. 

Ask your nearby Westinghouse sales engineer to show you 
how and where new AV adjustable-speed drives can help you 
POWER-UP for profit and savings. Or, for complete product 
information, write Westinghouse Electric Corporation, 3 Gate- 
way Center, Pittsburgh 19, Pennsylvania. J-22147 


You CAN BE SURE...1F iTS y Vestinghouse 


TUNE IN WESTINGHOUSE-CBS TV-RADIO COVERAGE, PRESIDENTIAL CONVENTIONS, JULY 10-29 
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Titeflex, Inc., Meets 
Aircraft Fuel, 
Lubrication and 
Hydraulic Line 
Specifications 
with 


HANDY & HARMAN 
BRAZE 241 


This Springfield, Massachusetts, manufac- 
turer of aircraft and missile fuel, lubrication 





Titeflex operator brazes assembly with torch and hand- 

fed Handy & Harman Alloy Braze 541. Titeflex is 
unique in that it makes flexible hose assemblies from 
raw material to end product—‘*From End to End, In- 
side and Out, made RIGHT In Our Own Piant.” 


and corrosion is equaily impressive. The 
composition of BRAZE 541 is 54% silver, 








and hydraulic lines finds that silver alloy 
brazing with Handy & Harman BRAZE 541 
meets rigid operating requirements “‘all the way down 
the line.” 

The tubing and fittings of many of the wide range of 
assemblies made by Titeflex are 321, 316 and 347 stain- 
less steel and Monel. Brazing is a hand torch, wire and 
HANDY FLvux operation. 

BRAZE 541 is a plastic alloy which melts at 1325° F 
and flows at 1575° F. Its strength—in shear—at ele- 
vated temperatures is 21,500 psi at 500° F and 15,000 psi 
at 750° F. This alloy’s ductility in resisting stress and 
vibration is very high and its resistance to oxidation 


FOR A GOOD START: 
BULLETIN 20 

This informative booklet gives a 4 
good picture of silver brazing and \ 
its benefits . .. includes details on 
alloys, heating methods, joint de- 5 
sign and production techniques. “a 
Write for your copy. 
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HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


40% copper, 5% zinc and 1% nickel. It 
meets AMS Specification 4772. 

Aircraft and missile component manufacturers and 
fabricators are finding—to their and their products’ 
benefit—that Handy & Harman silver alloy brazing is 
the full and final solution to their metal-joining problems, 
BRAZE 541 is but one of a large family of Handy & 
Harman alloys, for both low and high temperature appii- 
cations. We would like to more fully acquaint you with 
BRAZE 541 and with the advantages that come naturally 
to silver brazing as a metal-joining (both ferrous and 
nonferrous) method. Handy & Harman, 82 Fulton Street, 
New York 38, N. Y. 


Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 


Bridgeport, Conn. 
Chicago, tl. 
Cleveland, Ohio 
Dallas, Texas 
Detroit, Mich. 

Los Angeles, Calif. 
San Francisco, Calif. 
Toronto, Canada 
Montreal, Canada 
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Whatever your 
V-Belt needs, 


DURKEE- 
ATWOOD 


meets them 


What do you want in a V-Belt? You want 
consistent performance, long trouble-free life 
and full-rated power transmission. That 
means the belts must be made of the finest 
quality materials, with careful attention to 
engineering details, manufacturing processes 
and testing procedures. Durkee-Atwood 
V-Belts are made of the newest high tenacity 
synthetic fibres to assure length stability in 
storage. The exclusive Durkee-Atwood 
“TIso-Dynamic” Vertical Matching Machine 
eliminates the “‘sag error” that develops when 
V-Belts are matched on horizontal equipment. 
This assures equal power transmission from 
all belts on multiple drives . . . Look to 
Durkee-Atwood for quality, service and savings 
...the most complete line of industrial V-Belts. 


Look for the DA On Your V- Belts 


atTwooo 
5 6) 
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Need High Capacity 
In Compact Space? 
DA 358 V-BELTS. This major design improve- 


ment in V-Belts brings you unprecedented compact- 
ness, high capacity and drive economy. 


Chain and Gear Benefits with 
No Metal-to-Metal Contact? 


DA POSITIVE ORIVE BELTS. Revolutionary 
tooth-grip principle; no stretch; no constant lubri- 
cation. Highly versatile. 


40% Extra Capacity 
in Regular V- Belts? 


RED SHIELD MULTIPLE V-BELTS. Increased 
capacity at no increased cost. Available in oil and 
heat resistant and static dissipating constructions. 


—— 


Top Performance in 
Variable Speed Drives? 


VARIABLE SPEED BELTS. For constant per- 
formance. Abrasion-resistant cover; crowned cross 
section maintains stability under extreme loads. 


DURKEE-ATWOOD V-BELTS 


DURKEE-ATWOOD COMPANY MINNEAPOLIS 13, MINNESOTA 
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in here of you need predictable performance 


4 
a 


sai _ from vacuum melted alloys! 


Guesswork has no place here. High temperature alloys that make up this missile’s critical components 
must be right every time .. . with predictable performance built into each forging, fastener, and 
other component parts. 

Vacuum melted alloys—new, predictable performing alloys made by Carpenter's exclusive VACU- 
MELTROL* and CONSUMET* processes—provide this dependability. And with it, component 
manufacturers report improved forgeability, better finishes, fewer rejections, faster production. 
Carpenter's many years’ experience in producing these cleaner, more uniform and dependable 
vacuum melted alloys is your assurance of the best predictable performance at elevated tempera- 
tures... or at any temperature. 

A call to your Carpenter representative will put this experience to work for you today. The Carpenter 
Steel Company, Reading, Pa. 


*Carpenter trademarks for alloys melted in vacuum induction and consumable electrode furnaces, respectively. 


[arpenter steel 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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UNIVERSAL 


ELECTRIC 
FRACTIONAL 
HP MOTORS 


with improved 

flux control 
and new 

free-aligning 


bearing 


Rugged, precision built with quality materials, UNIVERSAL 
ELECTRIC Fractional HP Motors with TORK-SLOT and new 
free-aligning Universal Bearing are ideal for an unlimited 
number of applications that require maximum depend- 
ability with a minimum of maintenance. Shown here are 
the re-designed Type 118 in sizes from 1/200 to 1/50 
HP and the new Type 23 in sizes from 1/50 to 1/12 
HP. Write today for complete information. 





UNIVERSAL “FREE ALIGNING” 
BEARING 


UNIVERSAL ELECTRIC motors also feature the new 
free-aligning Universal Bearing that eliminates 
fractional HP motor bearing problems due to 
misalignment. The new bearing, which has its 
axis of support in the center rather than at the 
end, is inherently in balance and can adjust to any 
shaft misalignment 100% of the time under any 
lead conditions. The bearing provides an easier 
starting motor that runs without a whisper of sound. 


Hi 





UNIVERSAL 
TORK-SLOT 
FLUX CONTROL 


The operating efficiency 

and starting torque of 

UNIVERSAL ELECTRIC 

four-pole, shaded-pole 

fractional HP motors 

have been greatly im- 
proved by a patented reluctance slot. Called TORK- 
SLOT, this slot allows improved control over flux dis- 
tribution and provides an isolated torque phase with 
a uniform air gap between yoke and rotor. Motors that 
incorporate the TORK-SLOT start easier and operate 
more efficiently over a wider range than motors with 
other types of reluctance slots. 


a | 


CV 


UNIVERSAL ELECTRIC COMPANY 
PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 10 
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and cuts 








assembly time by 97%. 
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Result: THE DYNAMIC GEAR COMPANY 


saves $3,930 per 1000 units. 


A D ES [ G N 2 R 0 P 0 S | T I 0 N ‘ Like to see the impact of Truarc Retaining Rings on 


~~ 
\ ] 


your product? They can solve many fastening problems by their very simplicity 
(as demonstrated above). They also save on materials, assembly time and labor— 
and have effectively reduced the final installed cost on hundreds of products. Our 
Catalog RR 10-58 shows how other designers use Truarc Rings | aie 
on more than 70 different products. For immediate action, call | 
your nearest Authorized Truarc Distributor. | 
He’s as close as your Classified Telephone Directory. 


Look under: “Rings, Retaining.” ’ ate 


St 4 
| 


WALDES | 


TRUARCretainine RINGS 


WALDES KOHINOOR, INC., 47-16 Austel Place, Long Island City 1, N. Y. 


9 OUT OF 10 PRODUCTS CAN BE IMPROVED WITH TRUARC RETAINING RINGS 


© 1960 WALDES KOHINOOR, ING. 
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WEAR RESISTANT 


‘THOMSON 


———e — 7» AVOID the HIGH COST 





| Ps lay 1 and difficulty of fabricating 

tii MD = long, hard & straight 
parts by 

a conventional 


methods! 





“eg 


hardened ~dround 


SHAFTS, ROLLS, GUIDE. RODS and other long-round parts 
ELIMINATE WEAR and REDUCE COST 





60 Case is the result 


of over 15 years of experi- ADVANTAGES 
mental work and production experi- y 
ence with hardened and ground shafts of 60 Case 
which are a requirement for BALL BUSHINGS, 
the Linear Ball Bearing manufactured by ¢ COST REDUCTION * GROUND FINISH 
Thomson Industries, Inc. ¢ HARD BEARING SURFACE © STRAIGHT PARTS 
; ; NICK-& DENT-PROOF e DELIVERY FROM STOCK 
The special techniques and equipment that have been ‘ . 
developed enable high production rates and low han- ; « ACCURATE DIAMETERS « ADDED STRENGTH 
dling costs. This permits big savings over conventional @ UNIFORM HIGH QUALITY 
methods which are plagued with erratic warpage, straight- 
ening and resultant grinding problems. Finished 60 Case 


parts frequently cost less than the scrap losses that result TYPICAL 60 Case PARTS 


from conventional methods. GUIDE RODS + SHAFTING * ROLLS * TRAVERS 
60 Case material has a surface hardness close to 60 on the PISTON RODS « ARBORS « LEADER PINS « TIE 
Rockwell C scale which ts essential to resist wear. KING PINS « AXLES « CONTROL RODS « GUID 
Long lengths of material ranging in diameter from “4” MANDRELS ¢ BEARING ROLLERS ¢ SPiNDL 
to 4” are stocked to enable prompt shipment of 60 Case 
parts, with or without special machining. Write for 


literature and name of your local representative. THOMSON INDUSTRIES 


Inc. 
- ee — ry » Dept. C-5,Manhasset, New York 
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PARTS HARDENED to 60C... 
increase life... reduce cost! 
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Reduce power requirements and operating costs here... 


JEFFREY 


RIVETLESS CHAIN 


for general conveying systems, 
overhead trolleys, scrapers 


HAIN STRENGTH is achieved from 

heat-treating quality steel; addi- 
tion of bulk weight only increases 
power requirements. Jeffrey drop 
forged, heat-treated Rivetless Chain 
ranges to a maximum ultimate 
strength of 130,000 lbs. The weight 
—9 lbs. per foot. 


Within very broad limits, Jeffrey 

i less in wi ate over , 
Rivet bias Chain ill conceal . 7 Jeffrey Scraper Conveyor with 
irregular courses in either verticai or Somp thetaie of siveltiess ehtiie 
horizontal directions. . 


Links and pins can be reversed | 
when excessive wear is evident, there- : STRONG... 
by increasing chain life while greatly 
decreasing maintenance costs. Sim- 
plicity of design makes single link or 
section replacements fast and easy. 


Jeffrey Rivetless Chain is detach- 


able. Assembly is aided by the cutout 7 
portion of center link which allows the 
side bars to be brought together for 


ease of insertion or removal of the pin. 


without needless bulk weight 


DETACHABLE... 
for fast, easy assembly— 
lower maintenance costs 


Whether replacing links or specify- 
ing a complete conveyor system, the 
Jeffrey district office or distributor in 
your area can make the job initially less 
expensive —ultimately more profitable. 


Write for Catalog #899. The Jeffrey 
Manufacturing Company, 798 North 
Fourth Street, Columbus 16, Ohio. ADAPTABLE... 


: ; to irregular courses, 
Available in alloy vertical or horizontal 
heat-treated steel conveyors 


CONVEYING « PROCESSING «+ MINING EQUIPMENT...TRANSMISSION MACHINERY...CONTRACT MANUFACTURING 
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Never underestimate the 
cost-saving advantages of 


INUM” 


e address this statement to design, tool, savings carry over to the assembly line, too. 
production, inspection and assembly No stand-by equipment. No machining. No 
engineers... grinding. No counting, stacking or miking. And 
Holding to extremely close tolerances is a no dirt between layers—ever! 
costly procedure. You know that. What you may 
not know is that frequently you can ease up on Get the facts cago 
tolerances without sacrificing a single thou- pra s asin a —e 
sandth of i bl jectives. 7 smege 
n of your precise assembly objective that oes with it. Thee" 


How? By using LAMINUM! all illustrated and des- 


LAMINUM is the registered trade name for cribed in our Shim De- 


laminated shims whose layers are completely sign Folder No. 3. Write 
surface-bonded to look and act like solid metal. for it. 


The layers are easily p-e-e-l-e-d to bring the THE LAMINATED SHIM COMPANY, INC. 


shims to any desired thickness—for a thou- West Coast Sal d Servi 
sandth fit right at assembly. age oe go 

With LAMINUM in the specs, machining op- 600 SIXTEENTH ST., OAKLAND, CALIF. 
erations become less critical, faster and less Home Office and Plant 
costly. Inspection is simpler and less costly. The 1206 UNION STREET, GLENBROOK, CONN. 
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BRASS @ MILD STEEL © STAINLESS @ ALUMINUM ®@ WITH LAMINATIONS .002” OR .003” 














POWER-FULL 
GEAR REDUCTION 


Worm gear drive from capaci- 
tor-start Franklin Electric 
Motor applies full power in- 
stantly upon reversing at built- 
in limit switch setting. 

Driven system or product may 
be instantly reversed at any 
time during forward or reverse 
cycle by manual or automatic 
switch; or by automatic opera- 
tion of built-in safety device. 
GEAR-O-MATIC® performs 
all functions typically required 
in radio-controlled or manual- 
switch garage door operation 
. .. functions applicable to op- 
eration of many other products 
. . . perhaps yours. 


GEAR4O=MATIC 


INSTANT-REVERSING MOTOR 


DEPENDABILITY for stop-go, forward-reverse motion 

with full power, high-torque start. Operable 

manually, by built-in limit switches, or as automation 
requires. SAFETY assured with automatic, instant reversal 
when driven product meets predetermined resistance. 
ECONOMY as a low cost packaged operator unit 

... quick and easy to install or integrate with your 
product or system. 


PATENTS 
PENDING 


‘Integrated with the Franklin ‘Electric Motor is a‘ 
control box with 24 volt A. C. circuitry. System 
includes plug-in connection for radio or automation 
control and receptacle for lighf bulb or power ex- 
tension line. All limit and safety reversing switch 
settings are adjustable. 








-Franklin Electric Co., Ine. 





For more data write for B 
“FACTS ABOUT FRANKLIN 
GEAR-O-MATIC®"’ 








BLUFFTON, INDIANA 
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‘Tailored to fit your needs... 
Bendix-Westinghouse Power Oylinders 


You get made-to-your-measure, top-performing fluid power controls when 

you specify Bendix-Westinghouse Power Cylinders. Whatever your job 

requirements, our design and application experience in every field of industry 

enables us to deliver power cylinders exactly tailored to your needs. Bendix- 

Westinghouse piston-type cylinders operate up to 200 psi air and 1800 psi oil. 

Furthermore, our comprehensive inventory of machined parts and our manu- 

facturing flexibility enable us to provide fast delivery of standard units as well ROTOCHAMBER, has poo rwleny mye 
as many specialized sizes and mounts. Write today for complete information — '0° psi air pressure. 

on the quality advantages you enjoy with power cylinders designed and 

manufactured by Bendix-Westinghouse. 


Bendindffestinghonse n> 


INDUSTRIAL PRODUCTS 


Bendix-Westinghouse Automotive Air Brake Company, Elyria, Ohio ROBOTAIR CHAMBER has optional rubber or 
neoprene diaphragm, delivers from 300 to 
3600 pounds force at 100 psi air pressure. 


June 9, 1960 Circle 494 on Page 19 119 





The offset planes, the channels, holes, and functional 
shapes are all cast to size in the Harper-Wyman 
gas range top burner part here illustrated. 


It is a good example of high utilization of the 


die casting process for mass production parts. 


The Master Design Guide for the seasoned and 
skilled mechanics at Madison-Kipp, in cooperation 
with customer designers, is high level quality, from 

high level tooling for low secondary labor content. 


Please clip this ad as a reminder to contact us 


when you have die casting requirements. 


LOW 
LABOR 


CONTENT 


the 
Master 
Design 





Guide 


with 

MADISON -KIPP 
zinc and aluminum 
die castings 


MADISON-KIPP CORPORATION 
210 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Skilled in Die Casting Mechanics - Experienced in Lubricating Engineering - Originators of Really High Speed Air Tools 
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NOW. @ % from CLARE. ee 
anew 10-Point Stepping Switch 


for long life digital operation 


Small, lightweight and capable of a minimum of 
over 100,000,000 operations,* the new CLARE Type 
210 Stepping Switch is specially designed for digital 
operation. It is ideally suited as a component for 
sequence control, totalizing, sampling or single point 
selection. It transfers from Position 10 to Position 
1 without special circuitry. 

This new switch has all the improved features 
which have made the Type 211 an ideal component 
for complex switching requirements—long life, ex- 
cellent capacity and freedom from maintenance. A 
wide variety of hermetically sealed and dust cover 
enclosures are available with terminals or connectors 
to suit the application. 

Send for Bulletin CPC-6 for complete information. 
Address C. P. Clare & Co., 3101 Pratt Blud., Chicago 45, 
Illinois; In Canada: C. P. Clare Canada Ltd., P. O. Box 
134, Downsview, Ontario. Cable Address: CLARELAY. 


*with twelve 10-point levels . . . 300,000,000 operations with 
four 30-point levels (properly lubricated and adjusted). 


L/S 


Relays and Related Contro/ Componen. . 
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ELECTRICAL DATA 

OPERATING SPEEDS—Self-interrupt speed: 60 sps at 25°C on 
nominal voltage. Remote impulse speed: 30 sps at 25°C on 
nominal voltage with 66% make impulse. 

OPERATE & RELEASE TIME—Operate time: 20 ms at 25°C on 
nominal voltage. Release time: 10 ms at 25°C on nominal 
voltage. 

OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25°C is 
75% of nominal voltage. Minimum dropout at 25°C is 3% of 
nominal voltage. 

BREAKDOWN TEST—1000v, rms, 60 cps, is standard. 

COILS—Coil resistances for typical voltages are shown below: 

VOLTAGE 
Vdc 

6 1.5 1.5 
12 6 6 
24 24 20 
48 100 70 
60 150 100 
110 600 400 


MECHANICAL DATA 

OVERALL DIMENSIONS—Length (maximum)—4-5/16 in. Height 
(1C interrupter, 1C O.N.S.)—2% in. Width—from 1-5 /16 in. for 
3 levels to 2-13 /16 in. for 12 levels. 

NET WEIGHT—From one pound for 3 levels to 1% pounds for 
12 levels. 

BANK CONTACT-—Standard is phosphor bronze. Also available 
are coin silver or gold plated phosphor bronze. 

MAXIMUM BANK LEVELS & PILEUPS 
Type of operation (points) 10 
Bank levels maximum (electrical) 12 
interrupter springs 6 
Off-normal springs 6 
Number of ratchet teeth 30 

WIPERS-—Standard wipers are non-bridging phosphor bronze 
with coin silver and gold-plated phosphor bronze available in 
either non-bridging or bridging models. 


1-8 LEVELS 9-12 LEVELS 
OHMS OHMS 





RACINE- 


4 ty: | oe 
4-WAY HYDRAULIC 
0) | Vou gle) pV Mmeoxe) pave) Bs 


FEATURES 


® Design conforms to J.I.C. 
standards 


® High flow capacity ; 
From a design and operational consideration these 
© Direct or remote pilot pressure RACINE-SECO valves are the finest directional con- 
eperetion trols made. Compact streamlined design — dust 
@ Throttling end caps for 34” proof construction. RACINE-SECO 4-way valves are 
and 11/4” sizes available in single solenoid spring return and dou- 


ble solenoid standard action or spring centering. 
® Oil immersed solenoids 


available Sizes 4’, 34” and 114” up to 2000 psi. 


® Sub-plate mountings on all Write for RAcINE-SECO Catalog No. 59-A describ- 
sizes ing our complete line of Hydraulic Equipment. 


RACINE @ RACINE HYDRAULICS & MACHINERY, INC. 


SECO RACINE, WISCONSIN 


One Source — One Responsibility for all your hydraulic needs, 
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QUALITY 
CONTROL 


That’s the secret of good breeding ... and why Federal Ball Bearings are 
all champions. 

Take race grinding: the operator must gage race diameter, roundness, 
contour, centerline, eccentricity of raceway with O.D., parallelism of the 
race with the face of the bearing ring...and finish. Then line inspectors 
double check. he 

This is typical of the quality control all along the Federal production 
line. Double work? Sure! But it means a bearing as close to perfection as 
a bearing can get. One that’s twice as reliable, too. That’s why they’re 
specified by so many top industrial companies. Why not put them to work 
yourself? Start today by sending for the Federal catalog where you’ll meet 
hundreds of different type ball bearings...all top breed...in 12,000 sizes! 


The Federal Bearings Co., Inc., Poughkeepsie, N. Y. 


One of America’s 


largest ball bearing | 5 # I 
manufacturers F | ss % B et | 
BALL BEARINGS 


FEDERAL ON FILM—A 16 mm. color sound film takes you 
through our 400,000 sq. ft. plant. Loaned free. Just ask for it. 





Mr. Julian Kerlin, Field Service Engineer for Kearney-Trecker Service Division, 
explains the contribution of Micro-Fog Lubrication to MILWAUKEE-MATIC 
reliability and ease of servicing. 


Micro-Fog Lubrication 
gives Kearney & Trecker greater 
flexibility in machine design 


The new Kearney & Trecker tape-controlled MILWAUKEE-MATIC is an 
outstanding example of flexibility in modern machine design. In a single 
machine, the MILWAUKEE-Ma tic performs all the operations of milling, 
drilling, reaming, tapping and boring that usually require several machines. 


The Milwaukee-Matic is designed for maximum “chip time” and minimum 
set up and down time. This requires high reliability of operation and pro- 
vision for rapid servicing. 

This is why Kearney & Trecker engineers chose Norgren Micro-Fog for 
the lubrication system. 


The Micro-Fog centralized air-borne lubrication system gives constant, reli- 
able, metered lubrication at each bearing point. Alarm devices are connected 
to the control system of the machine to give warning of conditions affecting 
proper lubrication. 


Micro-Fog is conducted to all bearing points through tubing, elimiuat- 
ing the need for cumbersome and costly return piping, oil filters, sumps 
and pumps. The result, as Kearney & Trecker found, is a wider latitude 
in machine design. With Norgren Micro-Fog, they were able to make 
maximum use of unitized construction in the MILWAUKEE-MATIC, providing 
for fast disassembly and component replacement. 
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This Norgren Micro-fog Lubro-Control 
Unit provides lubrication for the bear- 
ings on Kearney-Trecker’s MILWAUKEE- 
MATIC, and for the slides, ways, gears 
and clutches in the head. 


If you design machine tools which 
require measured, reliable lubrication 
of bearings, gears, slides, chains or 
ways, and want greater design flexibil- 
ity, it will pay you to investigate Nor- 
gren Micro-Fog Lubrication. Write for 
detailed information, or call your nearby 
Norgren Representative listed in your 
telephone directory. 


FOUNDED IN 1926 


C.A. NORGREN CO. 


3442 SOUTH ELATI 


STREET 
ENGLEWOOD, COLORADO 
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Tw RECORDAK PICT vsrtan 
EnGineERING ORAWIN 


ay -evect@ic 


Ration 
agcoroak come Comperyd 


Take the“wait” out of reference and 
printmaking with Recordak microfilming! 


Needle-sharp Recordak microfilm images 
mounted on Filmsort aperture cards are 
speeding routines in engineering departments 
large and small. 

Complete active drawing files are at the fingertips 
in just 5% of the space needed for originals. Any 
drawing—out of thousands—found quickly and 
viewed clearly in a RecorDAK Film Reader. 

This, naturally, reduces the need for reference 
blueprints, adds up to notable savings in time and 
printmaking costs. You can also count on savings 
when you need prints. For with this new system, 
reduced-scale paper prints can be made directly 


S=RECORDPK’ 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming 
—now in its 33rd year 


IN CANADA contact Recordak of Canada Ltd., Toronto 


from your aperture cards by low-cost photographic, 
xerographic or electrostatic methods. Also, dupli- 
cate film cards for branches, vendors, or govern- 
ment agencies can be made for pennies apiece. 


Key to successful operation 


Outstanding picture quality of Recordak microfilm 
images (120 lines per mm resolution at 30 to 1 re- 
duction) more than meets DOD requirements. 


Free booklet gives facts on this REcorDaK Preci- 
sion Engineering Drawing System available through 
Recordak and its nation-wide dealer organization. 
No obligation whatsoever. 


eeeeseseees MAIL COUPON TODAY «+2228 


RECORDAK CORPORATION DD-6 


415 Madison Ave., New York 17, N. Y. 


Gentlemen: Send free booklet describing new REcoRDAK 
Engineering Drawing System. No obligation whatsoever. 


Name 





Company 





Position. 





Address 





City. Zone. State 
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Bundy can mass-fabricate 
practically anything 


...and we use Bundyweld»—the double-walled steel 
tubing—for parts that must meet rigid specifications 


v= tubing headaches are Bundy’s business. Our tubing engineers will 
work with you at any stage in the development of your product. With 
years of problem solving experience, we can often suggest short cuts that cut 
costs of tubing parts—or find practical solutions to tough bends. 


Then we'll mass-fabricate these parts on machines specially designed by 
Bundy for precision bending. We use Bundyweld, the original double-walled 
steel tubing, that has become the safety standard in small-diameter tubing. It’s 
thinner walled—yet stronger, has high bursting and fatigue strengths. Covered 
by Government Spec. MIL-T-3520, Type III. . 

Why don’t you take advantage of Bundy’s complete service: expert engi- 
neering help, mass-fabrication savings, Bundyweld tubing. For more infor- 
mation see Sweet’s Product Design File, le/Bu . . . or contact us! 


Bundyweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


There’s no substitute for the original Bundyweld Tubing. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high bursting strength. 
Sizes up to %” O.D. 


BUNDY. TUBING COMPANY 


HOMETOWN, PA. @ DETROIT 14, MICH. © WINCHES7ER, KY. 
WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING. AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 
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Another new development using 


B.EGoodrich Chemical] «=» materia 


For extra safe, improved operation 


New pendent switch 
is encased 
in Hycar rubber 


This new pendent switch is designed 
for use on hoists and other devices 
where suspended or portable switches 
are required. It is encased in a housing 
made from tough, resilient Hycar 
nitrile rubber. 

Because Hycar permits such accurate 
molding, ‘‘O”’’ ring seals are molded right 
in to make the switch watertight. 
Like any product made of Hycar, this 
housing is unusually resistant to oils, 
greases, acids and other corrosives. 
Unlike other materials tested, Hycar 
will not harden or stiffen at low temper- 
atures. Pushbutton diaphragms stay 
flexible. 

Another important advantage to the 
design of these switches is the re- 
silience provided by the covering which 
protects the switch from damage even 
if it hits a hard object. 

Here’s another example of how Hycar 
nitrile rubber is improving products 
and opening new markets. For fur- 
ther information, write Dept. FO-3, 
B.F.Goodrich Chemical Company, 3135 
Euclid Avenue, Cleveland 15, Ohio. 
Cable address: Goodchemco. In 
Canada: Kitchener, Ontario. 


year 


US. Par Of 


: Line of Pendent SAFE switches with housing of Hycar are manufactured by Joy 
Manufacturing Company, Electrical Products Division, St. Louis, and distrib- P ‘ 
uted by Graybar. Switches are available in 2- 4- and 6-button models with choice of B.F.Goodrich Chemical Company 
lettered legends. B.F .Goodrich Chemical Company supplies the Hycar nitrile rubber. a division of The B.F.Goodrich Company 


B.EGoodrich GEON vinyls + HYCAR rubber and latex + GOOD-RITE chemicals and plasticizers 
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OHIO RUBBER IS THE 
GOOD SOURCE 
FOR THE OEM! 


ACROSS THE BOARD in industry, 
ORCO IDEA PARTS offer the de- 
sign engineer product quality evolved 
from Ohio Rubber’s years of expe- 
rience in supplying ““Customeered”’* 
components for outstanding original 


equipment manufacturers nationwide. 


ORCO CUSTOMEERING* is geared to 
cut production costs—to deliver a 
better part. And it goes to work for 
you as soon as performance require- 
ments are checked, a materials recipe 
is formulated, expense-shaving design 
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“CUSTOMEERED’ COMP 


ONENTS BASIC TO INDUSTRY” 


ORCO IDEA PARTS 
shape up OEM designs-—profitably! 


modifications, if necessary, suggested. 
The full scope of ORCO integrated 
design, research and practical in- 
genuity in custom-manufacture of 
rubber, synthetic rubber, silicone 
rubber, polyurethane, and flexible 
vinyl components is focused on your 
component. 

ORCO CAPACITY offers the facilities 
of four modern plants. These include 
design, building, and maintenance of 
precision molds and dies . . . perma- 


nent bonding-to-metal . . . compres- 
sion and transfer molding ... 
extruding of all shapes, sizes, and 
types . . . complete laboratory facili- 
ties . . . Statistical quality control... 
coordinated production control. 
SUGGESTION — send . 

for ORCO Bulletin 715 

for the complete 
money-saving story of 
“Customeering”. It’s 

yours for the asking! 


*Trademark of The Ohio Rubber Company DE-160 


THE Ouio RUBBER COMPANY 


General Office @ WiLLoucuHey, Ouso @ Whitehall 2-0500 Ep 
A DIVISION OF THE EAGLE PICHER COMPANY obyene: 
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Webster hydraulics raise production, lower costs 


Two ton push-up! Second story operators like 
this powerful lift truck speed material handling 
and construction — save time, money. Thanks 
to hydraulics! Fingertip control raises the 
load, lowers it — tilts it forward or back. And 
a Webster Directional Control Valve channels 
the action. Deftly. Accurately. 

Where space is at a premium — this versatile 
valve fits in. It’s the smallest size for rating! 
Operating pressures range to 2000 psi, shock 


. 


he ew 


whe » at 


pressures to 5000 psi... with lowest back pres- 
sure. Inlet and outlet connections can be made 
from the same end to simplify hook up. And 
it’s provided with alternate porting positions. 
Sizes from single spool to 6 spools; capacities 
from 20 to 40 gpm. Parallel design permits 
control of up to 6 independent circuits ! 

Build construction equipment? Machines for 
industry or agriculture? Keep this Webster 
Directional Control Valve in mind. 


OIL HYDRAULICS DIVISION 


WEBSTER ELECTRIC 
| RACINE -WIS 


STACK TYPE 

DIRECTIONAL CONTROL VALVE 

Bulletin HY 1 contains complete engineering 
data — installation, performance, 
specifications. Write for it! 


~ 


4, 
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Meet mil 


AC contactors 


For magnetic operation on motor 
loads through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41 poles. 


Thermal overload relays 


Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


Terminal boards 


Designed for 25-, 50-, 100-, and 
150-amp circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


AC relays 


Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


Reset relays 


A remote method for resetting overload 
relays; consist of potted solenoid coil 
and a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Fuse blocks 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 


itary spec requirements 


DC contactors 


EAL SP ELECTRIC 





Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms avai'able. 


Panel-mounted pushbuttons 


For use on a-c or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 


Resistors 


Starting and regulating duty on motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
amps continuous and five lengths. 





with General Electric Hl-shock 


DC relays 


Multi-current and overcurrent relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 


‘For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on panels 
up to 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 


control components 


A complete line of devices designed for 
extreme environmental applications 


® Shock 
® Humidity 
® Fungus 


® Vibration 
® Tilting 
© Temperature 


Whether you’re designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent . .. one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 


All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 

Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


General Electric’s Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or, mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


SEND TODAY FOR FREE CATALOG 


General Electric Co., Section A785-15 
Schenectady 5, New York 


& toy orl oe 


Please send me a copy of the Navy Control 
Components catalog, GEA-6978, with descrip- 
tions, specifications, and pricing data on the 
complete line. 





ee 





Address 





eemtan, @ cstere 


City State 
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the new SL-2..._ 
a standard 


limit switch 
with. | 

unlimited | 
operating — 
flexibility 





Tailor limit switch performance to your specific job with 
NAMCO’S standard SL-2. This “machine life’ limit 
switch features a standard cam blank which can be cut 
into a wide variety of configurations to meet any applica- 
tion. These interchangeable cams provide positive control 
of contact sequence; let you match switch operation to 
your specific job. Ruggedly built, oil-tight and moisture- 
proof, the SL-2 provides dependable, accurate per- 
formance that meets your most precise requirements. 


Circle 507 on Page 19 


Now available for low-current, high-shock, 
excessive-vibration applications...the SLS-2... 
with full-wiping, self-cleaning sliding contacts that insure 
“everytime” operation under conditions that spell 
machine downtime for other limit switches. 

Get all the details on how the NAMCO SL-2 line 
eliminates limit switching problems for good. Write for 
Bulletin EC-SL260, or contact one of our representatives. 
You'll find them in all principal cities. 


THE NATIONAL 
ACME COMPANY 
C€ a ge 18s E. 131st STREET 
CLEVELAND 8, OHIO 
Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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Within the next decade, Al 34 


CONFERENCE kn new construction will equal MOVI NG 


in value the total U.S. 

building investment since FORECAST 
1925! This means as FOR 
many new ventilating, 

heating and air con- 1970 
ditioning units as the air 

moving industry has 

produced in 35 years 

—and as many prob- 

lems. There is no better 

time than now to point 

out that Torrington’s capa- 

bilities in the technology 

of moving air—and in 

the production of air moving 

components—are rated 


as the finest in the world. 
THE TORRINGTON MANUFACTURING COMPANY 
AIR MOVING DIVISIONS Torrington, Connecticut; Van Nuys, California; Rochester, Indiana; Oakville, Ontario 
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tl Accessibility 
tl Simplicity 


Compare what the PDQ WILL DO... 
Compare the PDQ PRICE... 
LLY LL Le 


a 2" valve that 
will do a 34” valve job 
at a 3%” valve price 


What will the PDQ do? It will do a 34” valve job. It has faster response time and 

greater capacity than’ valves twice its size and four times its weight. To repack you 
- simply: replace 2 self-contained units in less than a minute. You can change 

valves on the line in less than 30 seconds. 


Will the PDQ last? The PDQ has a short stroke, and a light butirugged aluminum 
construction. with built-in wear compensation. Anticipated valve life is conservatively 


tl Speed and Capacity : estimated at 35 million cycles . . . on most applications this is years of 


tl Price and Quality 


HUNT 
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trouble-free service. Coil (properly applied) is unconditionally guaranteed for the 
life of the valve. 


How about the price? The PDQ is a 12” valve at a 34” valve price. Write us today. 


4 
HUNT VALVE COMPANY + SALEM, OHIO, U.S.A. 


‘ 





V : 
a ‘Quick-As-Wink 11% s Hyorauuic contro valves 
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Wanted: Ideas 


OTAL area of the United 

States—with the recent addi- 

tion of Alaska—is now also as 

great as that of Europe. But Europe 

has more than twice as many people. 

And the six nations comprising the 

so-called European Common Market 

have just about as many inhabitants 
as the entire United States. 

For some time West Germany 
alone has outproduced us in ma- 
chine tools. Now free Europe is 
pressing hard for the lead in auto- 
mobile production. Hitherto we have 
prided ourselves as leaders in the 
design and production of these two 
highly engineered products. 

With their lower costs — but 
equal, sometimes superior, quality— 
European countries can sell their 
products here even against the 
handicap of high tariffs. With the 
imminent removal of internal tariff 
barriers in Western Europe, how 
much chance have we to sell our 
goods in that tremendous market? 

Our citizens buy European cars, 
Swiss watches, Japanese cameras, 
and Scotch whisky, because they 
like these products and the prices 
are within reach. Industry buys 
foreign production equipment, tur- 
bogenerators, and other products 
because they help produce goods or 
services at lower cost. 


No great intelligence is needed 
to foresee the effects on employ- 
ment and our standard of living if 
we lose much of our domestic mar- 
ket and cannot compensate by sell- 
ing to the foreign markets. In some 
industries the situation is already 
critical. 

We can’t stop imports even if 
we wanted to. We have no choice 
but to meet competition head-on. 
This means we must improve our 
productivity so we can compete 
price-wise, and develop new prod- 
ucts that will give us a competitive 
edge both at home and abroad. 

The answer lies in the creative 
genius of our research, develop- 
ment, and design engineers. They 
hold the key in the struggle for 
economic survival. New ideas care- 
fully researched and developed, 
then designed into hardware that 
can be sold in competition with the 
world’s best, are our most powerful 
weapon. 

Only thus can we hold our own 
in the face of European competi- 
tion, to say nothing of competition 
from the Soviets and the Orient. 


bela Atimsilliol 


EDITO# 





A guide to selecting and specifying... 


for metal surfaces 


The design of an automobile, 

a bicycle, or a piece of industrial 
equipment is not complete until 

a proper finish is selected. 

Does the finish require chemical, 
oil, or water resistance? 

Or flexibility? Weather resistance? 
Toughness? How about appearance? 
No single coating can fulfill all of 
these qualities. Selection of a finish 
is usually a compromise of several 
ideal characteristics. 

Basic information on organic finishes 
—their selection, specification, 
required surface preparation, and 
application—is presented in 

this guide. 





R. G. MURPHY 


Chief Industrial Engineer 
Wallace & Tiernan Inc. 
Belleville, N. J. 
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ELECTION of a protective and decorative coat- 
ing for a product is as much a part of a good 
design as are the mechanical functions of the 

item. Organic finishes are used to furnish a wide 
variety of required surface characteristics. Thousands 
of formulations are feasible, permitting a finish to be 
tailored to specific physical and aesthetic require- 
ments. 


Organic Finishing Materials 


All organic finishes are mixtures of two or more 
materials to make the complete finish. These ma- 
terials are: 


1. Vehicle or base, in which other components are sus- 
pended. 
. Pigment, to impart color and gloss. 
. Driers, to aid in drying or hardening of the vehicle. 
. Solvents, also called diluents, to reduce viscosity for 
ease of application. 
. Plasticizers, often added to make the dried film more 


flexible. 
. Extenders, to “bulk” the finish at a low cost while not 
affecting the final dried film. 


Paint: Paint consists of linseed oil, pigment, and 
turpentine or other solvent to thin the mixture to 
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Iridescent finish on Hutfy bicycles starts 
with a coat of Glidden leafing-aluminum 
primer. Topcoat is a high-gloss trans- 
parent enamel. Both are applied electro- 
statically. Because color is affected by 
film thickness in this type of finish, close 
control is maintained in application. 


Outside finish of this dry chemical feeder 
consists of an alkyd-urea baking primer 
(formulated to accept lacquer topcoats) 
and a nitrocellulose topcoat. To resist cor- 
rosive effects of dry chemicals and splash- 
ing of solutions, Wallace & Tiernan Inc. 
uses an asphalt bituminous finish inside. 





ORGANIC FINISHES 


Metering pump is fin- 
ished with a baked 
epoxy-amine enamel. 
Wallace & Tiernan Inc. 
uses this coating to re- 
sist corrosive acid so- 
lutions pumped. 


brushing consistency. Drying takes place partially 
by evaporation of the solvent, but mainly by oxida- 
tion of the linseed oil. Certain metallic salts, such 
as manganese, lead, or cobalt are sometimes added 
to accelerate drying. Paint is the finish almost uni- 
versally used to protect wooden structures since the 
dry film has excelient weather resistance. Paint is 
sometimes used to coat steel for exterior exposure 
such as on bridges, but it is not used in production 
finishing of equipment. 


Shellac: Shellac is a solution of “lac” and alcohol. 
Lac, an excretion of small insects deposited on twigs 
of trees and bushes, is found mainly in India. It is 
collected and processed to remove foreign matter and 
then dried. Dissolved in alcohol, lac produces orange 
shellac. If the orange shellac is bleached and further 
treated, white shellac is obtained. Industrial uses 
for shellac are numerous but, as a coating for indus- 
trial goods for the consumer market, it is used only 
for finishing of wood products. 

Shellac is a solvent-type finish which dries by 
evaporation of its solvent, alcohol. 


Lacquer: The most important of the solvent-type 
finishes is lacquer. By definition, lacquer is “a film- 
forming material which dries by evaporation of a 
solvent.” The advantage of the short drying period 
of lacquer finishes spurred their rapid development 
for the young automobile industry, eliminating pro- 
duction bottlenecks. Most lacquers are made of ni- 
trocellulose dissolved in a solvent, with pigment 
added for color. Lacquers are modified with resins 
and plasticizers, Table 1, to improve toughness, 
water resistance, chemical resistance, adhesion, and 
resistance to heat. 

Lacquers form a durable finish, are easy to apply, 
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Table 1—Characteristics of Modified 
Lacquers* 
Characteristics 
Improved 





Modified Lacquer 





Ethyl cellulose Alkali resistance 

Cellulose acetate butyrate Weather resistance 

Styrene butadiene Adhesion, chemical, and 
water resistance 

Heat and oil resistance 

Toughness, abrasion, and 
oil resistance 

Acid, alkali, and water 
resistance 


Cellulose acetate 
Vinyl 


Acrylic 





*Compared with basic (nitrocellulose) lacquer. 


and they permit rapid production schedules. Pig- 
ments can be added to produce almost all colors. 

Although normally a high-gloss finish, lacquer 
can be modified by the addition of metal soaps such 
as aluminum stearate, to produce any degree of 
gloss from high to dull. The drying time can be 


lengthened by addition of retarders to permit ap- 


plication by brush. Lacquers can be further modi- 
fied with dammar resin to improve adhesion, or with 
alkyd resin to improve durability. 

By definition, the lacquer group also includes 
the butadiene-styrene copolymer resins, These resins 
are dissolved in medium-strength solvents and make 
excellent concrete floor coatings and metal primers. 
Also included under the heading of lacquers are 
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acrylic-resin lacquer, vinyl lacquer, and styrene or 
polystyrene lacquer. All of these resins can be pre- 
pared as solvent-type finishes. 


Varnish: Varnish is the term applied to a resin 
dissolved in and cooked with a drying oil. A suitable 
solvent is added to the mixture to reduce viscosity. 
Varnishes are clear materials, used as the vehicle 
or binder in enamels, Varnishes (and enamels) dry 
mainly by oxidation and/or polymerization of the 
vehicle, although some spirit varnishes dry by evapo- 
ration of solvent, leaving the resin as the film. 

The resin may be natural or synthetic. Among 
the natural resins are Kauri gum, Congo gum, Ma- 
nila gum, Batu, dammar, and amber. The synthetic 
resin field includes alkyd, phenolic, epoxy, silicone, 
urea, and melamine. The resin is cooked in combina- 
tion with the drying oil which can be castor, soy- 
bean, fish, cottonseed, or corn oil. 

Each type of oil and resin imparts certain char- 
acteristics to a dried organic finish. If one combina- 
tion of resin and oil is too brittle but has other 
desirable characteristics, it can be modified by a 
small addition of another resin to reduce the un- 
desirable quality. 

Some resins are used not only to form basic vehi- 
cles but are used also as modifiers of other vehicles. 


Examples of these are alkyd modified with silicone, 
or alkyd modified with vinyl. On the other hand, 
some resins are not formulated as basic vehicles 
but are used solely as modifiers. This group includes 
urea and melamine which can be used to modify 
alkyd vehicles to improve their characteristics. 

Characteristics of varnishes also may be varied 
by changing the ratio of resin to oil. The oil con- 
tent is called “oil length.” “Long oil” varnishes 
have a high percentage of oil and low percentage of 
resin and tend to exhibit the characteristics of the 
oil. “Short oil” varnishes have a low percentage of 
oil and a high percentage of resin and tend to exhibit 
the characteristics of the resin. 


Enamel: When pigments are added to varnish, 
an enamel results. Enamels dry by oxidation and/or 
polymerization of the vehicle. Oxidation may take 
place by normal air drying, or by forced drying. 
Generally, polymerization is brought about by addi- 
tion of a catalyst and/or by baking. Depending on 
the vehicle, the baking temperature may vary from 
180 to 400 F. Generally, baking will produce a high- 
er degree of a characteristic than an air-dry coating 
of equivalent formulation, 

Gloss of enamels is controlled by the ratio of pig- 
ment to binder, type of pigments and extenders, flat- 


Baked Porcelux enamel on Westinghouse dishwasher combines beauty 
with utility. Finish is glossy, durable, and easy to keep clean. 











ting agents, and the fineness of the ground pig- 
ments. Gloss can be heightened by increasing the 
amount of binder, by decreasing the amount of flat- 
ting agent, and by using finely ground pigment. 

Pigments used in enamels, lacquers, or paints 
not only add color to the product, they also add 
other desirable qualities. Pigments in linseed oil 
for example, extend the life of the dried film to 
many years. Pigments also increase film adhesion 
and aid in inhibiting corrosion. 

A basic enamel vehicle made from a particular 
resin may lack certain desirable characteristics. These 
characteristics may be available from another resin 
used to form a different enamel vehicle. Often a 
small amount of one basic resin is added to another 
basic resin vehicle to obtain the desirable char- 
acteristics of the modifier. This is done without 
losing the good qualities of the original vehicle. 
For example, vinyl resin may be added to an alkyd 
vehicle to reduce air-drying time and to increase 
toughness and chemical resistance. While, in this 
case, vinyl is a modifier, it can be formulated also 
as a basic vehicle as shown in Table 2. 

Other resins, however, are used almost exclusively 
as modifiers of basic resin vehicles. These include: 


1. Urea and melamine: Used to formulate baking ma- 
terials, improve color retention, heat resistance, hard- 
ness, mar resistance, and alkali resistance. 

2. Coumarone-indene: Improves dielectric properties, 
water resistance, and gloss. 


Enamels, both natural and synthetic, are the most 
used and the most versatile of the finishing ma- 
terials. Enamels are available to meet almost all 
exposure conditions, in almost all colors and shades. 
They can be applied by a large variety of methods. 


Emulsions: An emulsion finishing material con- 
sists of a suspension of oil and pigment in water. 
Water is the solvent. Emulsions have little or no 
odor, no fire hazard, and their use simplifies cleanup. 
Emulsion finishes have their widest use in house- 
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Table 2—Characteristics of Enamels 





Enamel 


General Characteristics 





Alkyd 


Alkyd phenolic 


Alkyd styrene 


Alkyd silicone 


Epoxy esters 


Epoxy 


Phenolic 


Silicone 


Urethane 


Vinyl 
Acrylic 


Excellent resistance to weather- 
ing, water, and chemicals. Ex- 
cellent color and gloss reten- 
tion. Modified by changing 
resin-to-oil ratio. 


Improved water and chemical 
resistance over straight alkyd. 
Reduced flexibility, and color 
and gloss retention. 


Decreased air drying time over 
straight alkyd. Decreased abra- 
sion resistance. 


Increased resistance to heat. 


Approximately equal to straight 
alkyd. 


Excellent chemical resistance, 
flexibility, and adhesion (in- 
cluding adhesion to plastics). 
modified with amine resins. 
Less gloss retention than al- 
kyds. Baking required unless 


Excellent chemical, water, and 
oil resistance. Baked finish can 
be submerged in water. Coat- 
ing is brittlke—modifiers im- 
proving brittleness can de- 
crease other good characteris- 
tics. 


Outstanding heat resistance. 


Good dielectric properties. Abra- 
sion resistant. 


Excellent water resistance. 


Resists discoloration at high tem- 
peratures. High temperature 
required for curing. 
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hold applications, but their use in industrial finish- 
ing is increasing. They dry by evaporation of the 
water, leaving the binder and pigment to form the 
film. Certain resins not readily soluble can be formu- 
lated as emulsion coatings. 


Bituminous Paints: Coal-tar bituminous paint is a 
solvent-type material in which coal tar is dissolved. 
The solvent evaporates, leaving the bituminous film. 
Various grades of coal-tar materials are available 
with and without inert fillers. The fillers permit 
application of heavier coats for thermal insulation or 
sound-deadening films, as used for automobile un- 
dercoating. 

Coal-tar paints have extremely low permeability 
and consequent high resistance to water. They af- 
ford excellent protection on items to be submerged 
constantly. However, when exposed to the sun, 
the film buckles and cracks. This is called “alligator- 
ing.” 

Coal-tar materials can also be formulated as emul- 
sions but, because of inadequate sealing of the binder, 
they do not offer as much protection as do the sol- 
vent-type coal-tar paints. 

Asphalt paints are also in the bituminous group 
of solvent-type coatings. They are more weather 
and sunlight-resistant than coal-tar paints, but do 
not have as high a water resistance. Because of the 
mild solvents used, asphalt paints are often used to 
paint the interior of drinking-water storage tanks. 

The bituminous materials not only provide excel- 
lent water resistance but also good resistance to 
weak acids, alkalies, and salts. Because the basic 
ingredient is black, they cannot be pigmented to 
obtain light colors. The dried film does not present 
as pleasing an appearance as do lacquers and enam- 
els. Use of these materials is therefore limited to 
protective rather than decorative applications. 


Rubber Base Coatings: The three important types 
of rubber base coatings are chlorinated rubber, neo- 
prene, and Hypalon. 

CHLORINATED-RUBBER materials not modified with 
oxidizing resins fall in the lacquer category, since 
they dry by evaporation of the solvent. Many ma- 
terials on the market are called “chlorinated-rubber 
paint” but the actual chlorinated-rubber content 
may vary from 5 to 80 per cent. A 100 per cent 
chlorinated rubber is unsuitable as a coating be- 
cause of brittleness, poor adhesion, and lack of tough- 
ness. The material must be modified with plasticizers 
and resins such as alkyds, phenolics, and maleics. 
Generally, the more the modification, the less the 
characteristics of the chlorinated rubber in the dry 
film. To retain the best characteristics of this ma- 
terial, not less than 60 per cent of the vehicle solids 
should be chlorinated rubber. The modifiers should, 
of course, add to the resistance of the dried film. 

The outstanding characteristic of good chlorinated- 
rubber materials is resistance to water. These ma- 
terials are often used on submerged metal or on met- 
al subject to splash or spillage. Chlorinated-rubber 
paints also resist acids, alkalies, salts, alcohol, gaso- 
line, and mineral oil, and have excellent dielectric 
properties. They are not resistant to animal or vege- 
table oils or greases. 

Chlorinated-rubber paints are limited in the range 
of colors available and are generally used as pro- 
tective rather than decorative finishes. Because of 
the problem of compatibility with oil-base finishes, 
they are rarely used over other types of coatings. 
A complete system of primer, intermediate coats and 
top coats, all formulated of chlorinated rubber, is 
usually used. 

NEOPRENE coatings consist of neoprene dissolved 
in a solvent. They dry by evaporation of the solvent 
and leave a film that is outstanding in its chemical 


Two coats of epoxy-resin primer form the initial bond to the phosphated- 
steel body of this 1960 Ford Galaxie hardtop. Two topcoats of synthetic 
Diamond Lustre enamel complete the hard-surfaced finish. 











resistance to alkalies, many organic and inorganic 
acids, aliphatic hydrocarbons, alcohol, many salts, 
and natural oils. The film is not resistant to oxidiz- 
ing agents, but does resist heat up to 200 F. 
Generally, neoprene coatings are available in two 
types. In both cases the solvent evaporates leaving 
the film-forming ingredients. In one type, the cur- 
ing requires two weeks to reach maximum resistance; 
in the second type, vulcanizing agents are added to 


speed the curing time to a matter of hours. 
Hypaton (chlorosulfonated polyethylene) is a 
third type of rubber coating whose outstanding 
property is resistance to oxidizing agents. Various 
formulations of Hypalon also resist temperature de- 


-80 to 300 F. Available colors are 


terioration from 
almost unlimited. 


Undercoats: The majority of the materials pre- 
viously described serve mainly as topcoats and offer 
chemical and physical resistance to attacks on the 
surface of a finish film. However, these topcoats 
usually supply neither the necessary bond to the 
material being finished, the required filling char- 
acteristics, nor the corrosion resistance required di- 
rectly at the metal surface. To perform these func- 
tions, primers, primer-surfacers, and surfacers are 
used. These materials must also “hold out” or sup- 
port, but not absorb, the topcoat materials. 

Generally, the undercoat materials are of the 
enamel type, although some solvent-type primers 
are used. The three types of undercoaters differ in 
the pigment-to-binder ratio. Primers, having the 
lowest ratio, produce the best bond to the substrate, 
the lowest degree of filling of the substrate and are 
the most difficult to sand. Primer-surfacers, having 
a higher ratio, produce better sanding qualities, bet- 
ter filling of surface defects, but less bond than 
primers. Surfacers give the best filling and sanding 
qualities, but the least bond. A complete finish sys- 
tem of the highest quality might consist of a primer, 
a surfacer, and one or more topcoats. 
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To provide the best bond to the substrate and 
the best corrosion resistance, certain ingredients are 
added to a basic enamel formulation to produce the 
undercoaters. This does not mean that an enamel 
can be made into a primer, but that undercoats have 
the same type of formulation. To obtain water re- 
sistance, raw materials such as phenolic resin, china 
wood oil, oiticica oil, or zinc oxide are added to 
the formula. To obtain corrosion resistance, pig- 
ments such as zinc chromate, lead oxide, lead chro- 
mate, or basic blue lead sulfate are added. 


Novelty Finishes: Certain topcoat finishing mate- 
rials which produce special decorative effects are 
called “novelty” finishes. 

WRINKLES are prepared as oil base or alkyd-resin 
enamels without amines and must be baked to pro- 
duce the wrinkle effect. Available colors in wrinkle 
enamels do not include pastel shades which would 
yellow during baking. Wrinkle enamels are applied 
as a single coat. They are designed to hide surface 
defects without requiring the use of heavy surfacers 
and fillers. Patterns are available from fine to coarse. 
Wrinkle finishes have the same resistance character- 
istics as the enamel vehicle. 

HAMMER FINISHES were also originally designed to 
hide defects in the substrate without the high cost 
of filling, surfacing, and sanding. Solvent-type fin- 
ishes are available, but hammer finishers are gener- 
ally in the enamel family and contain an alkyd- 
resin vehicle. The hammered effect comes from the 
addition of nonleafing aluminum powder to the 
formulation. Two types of hammer-finish systems are 
available: 

1. A two-application process in which the ground coat 
is sprayed on, allowed to set, then spattered with 
thinner to produce the hammered effect. 

. A one-coat system in which the pattern develops as 
the material sets. This type requires more skill to 
apply but represents a saving of time. 


In either case, the material can be formulated 
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Hammered finish of al- 
kyd-urea baking en- 
amel produces both 
chemical resistance 
and a decorative ef- 
fect on this Wallace & 
Tiernan Gravimetric 
chemical feeder. 


for air drying or for baking. 

IRIDESCENT MATERIALS also contain nonleafing alu- 
minum powder in a solvent-type vehicle. The vehi- 
cle is selected to produce a rapid setting of the film 
to resist the collection of the aluminum powder 
which would produce a hammer or metallic finish. 
Pearl essence is also used in iridescent finishes in 
place of aluminum powder. 


Materials Compatibility 


Finishes use a variety of solvents, each having a 
different “solvency value.” Generally, a material 
containing a high-powered solvent should not be 
applied over a material which uses a low-powered 
solvent. For example, lacquer thinner is high pow- 
ered. If a lacquer is applied to a-film of air-dried 
enamel, wrinkling and blistering of the film results 
as the lacquer thinner bites into and dissolves the 
undercoats. This condition can usually be accommo- 
dated by applying a dry (minimum solvent) lacquer 
coat. When an air-dry enamel has been on an item 
for six months or more, the film may be sufficiently 
dry to resist the lacquer solvent, but the compatibility 
should be tested first. 
On the other hand, a baked-enamel finish may 
be so hard that the solvent in an overcoat of lacquer 
or air-dry enamel will have little effect, resulting 
in poor adhesion between the baked enamel and 
the new topcoat. Compensation for this condition 
often is made by applying an extremely wet (excess 
solvent) topcoat. 
Bituminous coatings as undercoats are not com- 
atible with other oii-based finishes since the coal , 
ie or asphalt bleeds through these materials and tanec sss ley eran ttionone 
destroys the topcoat color. Cracking of the oil-base 
topcoats also occurs. However, bituminous coatings 
can be applied over old oil-base coatings that are 
tightly adhered to the substrate. 
The need for touch-up and field repainting often 
makes a double finish selection necessary. For ex- 


weathering, this Wallace & Tier- 
nan lantern is finished with an 
alkyd-urea baking enamel. 





ORGANIC FINISHES 


Two coats of baked en- 
amel give this 1960 Cool- 
erator room air condi- 
tioner a pleasing and 
hard-wearing surface. 


ample, baked epoxy-urea enamel may have all the 
required properties, but it cannot be touched up con- 
veniently in production or reapplied in the field. 
A compatible air-dry material whose properties ap- 
proach those of the baked enamel must also be se- 
lected to fit these needs. 

Lacquers generally present the least problem of 
touch-up and repainting, air-dry enamels next, baked 
enamels the greatest. For field repainting of lacquers 
when production application methods are not avail- 
able, brushing lacquers, containing low-volatile sol- 
vents are used. 

With the increase in color consciousness of the 
consumer, overpainting (to change color) has be- 
come a significant problem. Again, lacquers (sol- 
vent-type materials) present the least difficulties. 
Air-dry enamels can also be used, but longer dry- 
ing times permit dust particles to settle on the wet 
film, possibly marring the final finish. Baking enam- 
els present a problem on some assembled equip- 
ment containing parts which cannot be heated above 
certain temperatures. Often an air-dry enamel can 
be used to overcoat a baked enamel, but then cer- 
tain desired characteristics of the baked topcoat are 
lost. 


Finish Specification 


After the type and color of material are selected 
for a product, specifications are written to transmit 
this information to the finishing department. 

Many methods are used in writing such specifica- 
tions, ranging from simple to elaborate. The simplest 
specification puts the greatest reliance on the knowl- 
edge of the finishing foreman. If a large variety of 
material types are used, the shop foreman will have 
to keep records of materials and thinners available. 
If only a few materials are used in a shop, a simple 
specification will suffice. Such a specification might 
read: “Finish blue color number 87.” 
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This leaves the selection of primer, thinners, coat- 
ing thickness, method of application, and drying 
method all in the hands of the shop foreman. For 
a few stock materials being applied on a few items, 
such a specification might be sufficient. However, 
it will leave an inspection department at a loss un- 
less it inspects only final color and appearance. 

An elaborate specification can be prepared which 
leaves nothing in the hands of the shop foreman. 
Such a specification would include: Type and color 
of primer, surfacer and topcoat, thinners to be used, 
viscosity of material, tank and gun pressures, drying 
schedules, dry-film thickness tolerances, and a refer- 
ence to a standard for final appearance. 

Such a specification is usually too rigid when a 
large number of finishing materials are available, 
to be applied to a number of different substrates. 
Generally, a finishing shop uses one or two methods 
of applying a finish. The production method essen- 
tially fixes the thickness of each coat. Viscosity for 
application depends on a number of factors, includ- 
ing production methods, and is often left to the dis- 
cretion of the shop foreman. 

Perhaps the best specification for most industries 
is one which fixes the type and color of the topcoat, 
specifies a final grade of appearance to a prepared 
standard, and provides optional primers, primer- 
surfacers, and surfacers for a compatible system. 
For record and reference purposes, the specification 
sheet can also include proper thinners for the finish- 
ing materials and the drying method. 

Each specification sheet for a color and type of 
topcoat is assigned a file number. The grade of finish 
may be coded in this specification number or may 
simply be termed grade 1, grade 2, etc. The grade 
specifies the appearance of the final film, and leaves 
to the judgment of the shop foreman the amount 
of surfacer and filler required to hide blemishes in 
the substrate. 

A specification of a grade 2 finish for a single 
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piece of equipment will result in a uniform appear- 
ance on the complete equipment in which the sub- 
strates may be castings, sheet metal, forgings, stamp- 
ings, or extrusions. The sheet should list suitable 
primers for various types of substrates, to be selected 
by the shop foreman to suit the material. Since the 
condition of surfaces may vary in a job shop, the 
specification should not be so rigid that the finish- 
ing department cannot vary procedures to suit these 
conditions. 

A specific but still flexible instruction can be 
prepared as shown in Fig. 1. Permanent standards 
can be prepared for the design department, finishing 
shop, and inspection departments. These standards 
represent minimum requirements. 

For proper stock control and for elimination of 
description repetitions, identifying numbers are as- 


Fig. 1—Typical finish speci- 
fication sheet. Numbers are 
assigned to the various fin- 
ishing materials to eliminate 
repetition of descriptions. 


signed to the various finishing materials. This num- 
ber relates to a specification sheet for the individual 
materials. 


Finishing Costs 
5 SEEDER : i PES 


The cost of an organic finish is not what the 
purchasing department pays for a gallon of material. 
The cost is computed from the coverage obtained 
from the material, and the amount of thinner re- 
quired to reduce the viscosity to a point where the 
finish can be conveniently applied. The coverage 
is expressed in square feet per gallon at a specified 
thickness. Thickness is specified in mils (thousandths 
of an inch). 

For example, most synthetic enamels have a solids 
content of about 65 per cent, apply at | mil per 
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coat, and are reduced about 10 per cent for spraying. 
Thinner costs about $.35 per gal. On the other hand, 
a lacquer, which permits rapid production schedules, 
has about 35 per cent solids, requires a 1 to 1 re- 
duction of a thinner costing about $1 per gal, and 
applies at a rate of 0.5 mil per coat. To obtain the 
same thickness of film, two coats of lacquer must 
be applied to equal one coat of enamel. 

The major cost in a finishing system lies in the 
application of the film, the handling, sanding, etc., 
and not in the actual organic finish itself. 


Preparation 


Selection of a proper finishing material is not the 
final answer to a successful organic finish. The film 
must be applied to a substrate which has been 
cleaned and otherwise prepared to produce the maxi- 
mum adhesion of the film to the surface. 

Surface preparation of any metal should be divided 
into: 1. Cleaning. 2. Surface treatment. 

Cleaning includes the removal of all oils, greases, 
perspiration, occlusions from castings, and rust from 
ferrous surfaces. 

The removal of rust from iron and steel surfaces 
is accomplished by abrasion cleaning, sandblasting, 
or flame cleaning. Abrasion cleaning involves scratch- 
ing of the surface with sandpaper or a wire brush. 
Flame cleaning is used to remove heavy deposits 
of rust, generally from structural steel. Both proc- 
esses provide some surface preparation, but neither 
is as satisfactory as sandblasting. In addition to re- 
moving oxides and scale from steel shapes and iron 
castings, sandblasting also provides some measure of 
cleaning, that is, removal of oils and greases. If no 
further cleaning or surface preparation is to be 
done after sandblasting, the item should be primed 
immediately. If not primed in a short period of 
time, the virgin steel will oxidize due to humidity in 
the air. 

Removal of oils and greases from ferrous surfaces 
is done with solvents, alkalies, emulsions, or acids. 


Solvent Cleaning: Vapor-degreasing systems are 
generally used today for solvent cleaning of metals. 
A quantity of solvent is placed in a heated tank. 
Vapors boil from the surface of the liquid and dis- 
solve the oil and grease from the part being cleaned. 
Suitable cooling coils and traps prevent the escape 
of the vapors. This process is good for removing 
heavy oil films but its cost is relatively high and it 
does not provide corrosion resistance. 


Alkali Cleaning: The equipment used for alkali 
cleaning usually consists of dip tanks and/or spray 
washers. This system uses a blend of alkaline salts, 
soaps, and a neutralizer as the cleaning agent. Cost 
is low, but a thorough final rinse of parts is re- 
quired to remove all alkali which would degrade 
the paint film. Parts cleaned in an alkali cleaner, 
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as with sandblasted parts, should be primed im- 
mediately to prevent the formation of rust. 


Emulsion Cleaning: Dip tanks and spray washers 
are also used for emulsion cleaning. The solution 
consists of a blend of petroleum products and emul- 
sifying agents. While the process is relatively inex- 
pensive, it usually leaves a microfilm of oil on the 
surface which detracts from the bond of the organic 
film. 


Acid Cleaning: This process is generally used in 
steel mills for the removal of rust and scale. The 
solution is sulfuric, nitric, or hydrochloric acid. The 
process removes rust but leaves a surface not entirely 
suitable as a base for paint—a water-soluble iron 


salt residue remains. 


General Comparisons—Lacquers and Enamels 





Characteristic 


Lacquers 


Enamels 





Speed of drying Rapid—30 min 


Application 
method 
Coverage 


(at 1 mil) 
Solvent 
Color selection 
Color retention 
Water resistance 


Chemical 
resistance 


Gloss range 


resistance 


Spray (sometimes 
dip or flowcoat) 
200 sq ft per gal 


Volatile 


Unlimited 
Excellent 


Good 
Good 


High to flat 
Excellent 
Good 


170 F maximum 


With lacquers, ex- 
cellent; with 
enamels, good 

Excellent 


Air dry—2 to 12 hr; 
bake—15 min to 
2 hr 

Spray, dip, flowcoat, 
or roller coat 

450 sq ft per gal 


Less volatile than 
lacquer; about 1/3 
the cost 

Unlimited (for most 
enamels) 

Slightly inferior to 
lacquer 

Good 

Slightly better than 
lacquer; some spe- 
cial formulations, 
excellent 

Glossy to dull 

Excellent 

Very good 


Dependent on ve- 
hicle, 250 to 500 
F; silicone enamels 
to 1000 F 
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This problem has been alleviated by the use of 
phosphoric acid which leaves an iron phosphate (not 
water soluble) on the surface of the steel. 

Another cleaning solution consists of alcohol, phos- 
phoric acid, and water. This solution, used in man- 
ual cleaning systems, leaves a corrosion-inhibiting 
phosphate coating on the part. 


Phosphating: The surface preparation for iron and 
steel most widely used today is phosphating. The 
process consists of cleaning, water rinsing, phosphat- 
ing, and a sealing of the surface in dilute chromic 
acid. The phosphating is accomplished by a solution 
of acid-phosphate salts or phosphoric acid. The salts 
deposit on the surface, producing a crystalline struc- 
ture, and the phosphoric acid reacts with the metal 
to form an amorphous phosphate. 


VU 


Aluminum: Solvents, emulsions, or phosphoric- 
acid cleaners can be used to clean aluminum. Alkali 
cleaning can be used but strong caustics will serious- 
ly attack aluminum. 

Aluminum oxide, which forms naturally on the 
surface of the metal, is an excellent base for a 
finish. The cleaning process should not remove 
this oxide. The formation of the oxide film can be 
accelerated and controlled by the anodizing process. 

Oxide films are also produced chemically in heated 
chromate baths. The article is immersed in or is 
sprayed with hot chromate, which forms a uniform 
oxide film. Both of these methods produce surfaces 
which provide excellent finish adhesion. 


Zinc: Among the more difficult metals to prepare 
for finishing is zinc. Zinc reacts with an organic 
film to form soap which breaks down the film and 
causes failure. The most effective process consists 
of a phosphoric acid cleaning followed by a sur- 
face treatment of zinc phosphate. This over-all 
process is also applicable to steel and aluminum. 


Copper: The most generally used surface treat- 
ment for copper and copper alloys is a conversion 
of the metallic surface to copper oxide. This oxide 
serves as an excellent base for paint. Copper can 
also be cleaned in emulsion cleaners and rinsed in 
a detergent to remove the micro-oil film. 


see 
pu 


Spray Painting: The most common method of 
industrial finishing is spray painting. A number of 
adaptations of this basic principle have been de- 
veloped which include airless, electrostatic, steam, 
and hot spraying. 

AIRLESS SPRAYING uses high pressure (300 to 2000 
psi) to force the finishing liquid to the nozzle where 
it is atomized in the high-velocity discharge. To 





assist the flow of material, it may be previously 
heated to decrease its viscosity. This system de- 
creases the overspray common to normal spray 
painting. 

ELECTROSTATIC SPRAYING uses a basic air-spraying 
system with an electrostatic charge on the article 
being finished. The charge attracts the particles of 
lacquer or enamel. Overspray is almost eliminated 
and excellent coverage of the article results. Although 
initial equipment costs are high, this system requires 
a minimum of operator attention. 

STEAM SPRAYING substitutes superheated steam for 
compressed air. This process provides good cover- 
age in closed areas. The superheated steam volume 
decreases as it leaves the nozzle and prevents “blow 
back” and overspray. The principle is the opposite 
of compressed air which expands as it leaves the 
spray nozzle. The steam escaping from the spray 
nozzle will not burn the operator, although insula- 
tion is required on the gun. 

Hor sprayinG substitutes heat for a solvent to 
reduce the viscosity of the sprayed material. Other 
methods reduce the viscosity with solvents. Solvents 
are expensive, and must later be evaporated from the 
deposited film. 


Dip Coating: With this method the article is im- 
mersed in a tank of the finishing material, extracted, 
and the excess material is allowed to drip off. The 
dip tank requires a volume of material which will 
often limit the use of the process unless high pro- 
duction rates are involved. 

Lacquers can be used for dipping, but because of 
the high volatility of lacquers, the process is usually 
limited to enamels. 

If the dip process is in use in a plant, products 
must be designed for dipping. The articles must be 
free of pockets which trap air and prevent coating. 
Design must also permit free flow of the excess fin- 
ish during the dripping cycle. 


Flow Coating: The flow-coat process is used in 
conjunction with a conveyorized finishing line. Parts 
hanging from the conveyor are passed into a tunnel 
where the finishing material is flowed onto the 
pieces. Flow nozzles apply it to the article in streams. 
The excess runs off, returns to a sump, and is 
pumped back to the nozzles. 

The process is efficient in reducing loss by over- 
spray and provides good coverage. Flow coating of 
enamels is most common because of lower volatility 
of the enamels as compared with lacquers. As with 
dip coating, parts must be carefully designed for 
this method of finishing. 


Roller Coating: The roller-coating process is used 
for coating sheet metal and is not applicable to odd- 
shaped parts. The finish is applied to the sheet by 
means of rollers before forming, similar to the home- 
owners’ process of rolling paint on a plaster wall. 
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scanning the field for ideas 


Torque-shaft windup limits torque transmission by actuating a sprag-type 
clutch. Two halves of the clutch are keyed to a common shaft. In normal 
operation, sprags clear stationary outer race. At predetermined torque, angular 
deflection of the shaft actuates control elements to engage sprags with stationary 
outer race. Torque-sensing device developed by Formsprag Co., Warren, Mich. 














. eee ; Yj; YYU YG" 
Coaxial current flow in ignitron tube VM EF 
Wied M4 


exerts a pinching or confining force on the 2 = seal 
ionized area between the anode and the cathode 

pool, thus preventing conduction to the inside 

jacket. Principle employed in ignitron tube 

developed by General Electric Co. for Robotron 

Corp., Detroit. 


"Wireless" light- 
conducting panel 
simplifies wiring of 
bulb sockets. Conduc- 
tors in channels, or 
silk - screened circuit 
printed directly on the 
transparent plastic 
panel, distribute power 
to bulbs for edge-light- 
ing. A second indicia 
panel is installed in 
front of the light-con- 
ducting panel. Princi- 
ples employed in vis- 
ua! displays developed 
by U. S. Naval Engi- 
neering Experiment 
Station, Annapolis, 
Md. 


Official U.8. Navy photo- 
graph. 


June 9, 1960 





Magnetic flux de- 
tour through detected 
object trips proximity 
switch. The switch is 
normally held in the 
closed position by mag- 
netic attraction between 
switch arm and magnet. 
When a ferrous mass 
approaches the magnet, 
lines of flux pass through 
the mass, thus releasing 
switch arm. Spring force 
then opens switch, Prin- 
ciple employed in switch 
developed by Tann 
Corp., Detroit. 


Persistent - label 
peeler pulls support- 
ing tape around sharp 
corner for separation. 
The projecting label then 
interrupts a light beam 
to halt drive motor and 
actuate a roller and arm 
to complete transfer of 
adhesive - backed label 
to receiving tape. Prin- 
ciple employed in tape- 
indexing machine devel- 
oped by Datrel Inc., 
Hempstead, N. Y. 
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Quick-change stops are combined 
with capacitance sensors to provide easily ad- 
justed, accurate control of table travel. A 
control block is positioned in a groove to 
actuate measuring head. Remainder of 
groove length accepts spacer blocks. Eleva- 
tion of block on either right or left side 
controls travel direction. Vernier adjust- 
ments permit accurate position of the con- 
trol block. A rotating drum provides 24 
grooves for blocks, to control successive 
positionings. Principle employed in jig borer 
developed by Dixi SA, Le Locle, Switzerland. 





Accuracy oj response becomes increasingly 


critical with more precise mechanisms. 
Here’s a tabular method of 


ERROR ANALYSIS 


. . » using vector addition to 
evaluate system accuracy in 
the early stages of design 


OW well will a design compare in performance 
H with its intended or desired function? Or, 

more conveniently, by how much will it fail 
to match the ideal performance? The answer be- 
comes more vital as the desired precision increases. 
And, for very practical reasons, the answer ought to 
be known while the design is stili on paper. 

Evaluating probable performance error requires: 
1. Detection and estimation of individual errors in 
parts or subassemblies. 2. Calculation of their in- 
fluence upon total performance. 

The method of error analysis presented here ap- 
plies for any noncontinuous system—one that oper- 
ates between definite limits or returns to a definite 
starting point. Examples are cam-operated devices 
or four-bar linkage systems. The method cannot 
be used to evaluate gear trains which operate con- 
tinuously in one direction. 


Method of Analysis 


The mathematical technique of vectorial addition 
is used in this method. Besides the source of each 
error, the two important factors are magnitude and 
direction of each error. 


Source: The sources of the predominant errors in 
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S. B. TUTTLE, Design Engineer 


Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, Calif. 


any mechanism are usually obvious. Many of the 
errors result from inaccuracy of critical parts. Ball 
bearings introduce end-play and eccentricity errors. 
Gears have backlash. The inertia of iast moving 
parts may introduce deflection in shafts, levers, or 
frame. High acceleration may introduce other de- 
flections. Dissimilar metals may introduce errors 
because of differential expansion. 


Magnitude: The magnitude of each error must 
be determined or estimated. Magnitude is con- 
sidered as the maximum possible deviation from a 
theoretically perfect position. The tolerance on ma- 
chining dimensions defines the maximum deviation 
for machining error. For purchased components, the 
manufacturer’s catalog is a ready source of tolerance 
information. If facts are not available concerning 
the magnitude of an error, a realistic estimate must 
be made. 


Direction: A system of three co-ordinate axes is 
used to establish the direction of each error. One of 
the axes is made to coincide with the axis of rota- 
tion of the principal member. Usually, the predom- 
inant sources will fall on this axis. Another axis 
is made to intersect the center of some secondary 
member, such as an electrical transducer. The direc- 
tion of the third axis is automatically determined. 


June 9, 1960 


The origin can be made to coincide with the start- 
ing point of the noncontinuous mechanism. The 
exact location of the three co-ordinate axes is not 
critical. 


Practical Examples 


One simplified example and three full-system 
examples are shown. The latter present detailed 
analyses of the errors in three different types of 
control mechanisms. Design requirements are de- 
fined by the following performance characteristics: 


1. The desired program will be selected or recorded by 
remote control. 

. Equipment is to be fully automatic and capable of 
recycling by remote control. 

. Equipment is airborne and subject to the usual en- 
vironmental requirements, with special emphasis on its 
ability to perform satisfactorily under the vibration 
existing during the launching period. 

4, The command signal will be analog. 


The magnitude and direction of each error are 
tabulated as in the simplified example. Each source 
will have a magnitude directed along one or two 
axes, but rarely along all three axes. If an error is 
unidirectional, the magnitude is inserted under the 
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ERROR ANALYSIS 


proper axis only. Errors due to placement are usually 
unidirectional. Errors due to radial looseness in ball 
bearings will occur in two directions. 

Shaft rotational eccentricity due to ball bearings 
appears to be a unidirectional error. However, the 
position of maximum eccentricity is usually located 
at random on the shaft. If the eccentricity of one 
bearing is at 90 deg to the other, the shaft will wob- 
ble. Since this error can exist in either of two direc- 
tions, it is inserted for both. Likewise, eccentricity of 
the outer rares will cause errors in shaft placement in 
two directions. If an arm is used on a shaft, the outer 
end of the arm will have a significant displacement 
in the third direction when the arm length is equal 
to, or greater than, the distance between the bearings. 

The errors in each of three directions are next 
added. If a complicated mechanism is involved, it 
may be desirable to use subtotals to separate phases 
or specific components. This procedure is helpful in 
determining which part of the mechanism contrib- 
utes the greatest error. Then, if modifications are 
introduced to reduce certain errors, it will not be 
necessary to repeat the other parts of the computa- 
tion. 

Average error is determined by calculating the root 
mean square (rms) value of the individual de- 
viations: 





y A? + B? + 02+ D2....N2 
rms = ¥ — a 


n 


where A, B, C, D,..., N = individual deviations, 
and n = total number of deviations. 

When subtotals are used, the rms error is calculat- 
ed for each group. Then, the rms total error is 
again computed, and each group is treated as an 
individual quantity with foregoing formula. This 
procedure is not mathematically correct, but it is 
close enough for practical purposes. 


Combined Errors: If the shaft of a rotating mech- 
anism is coincident with the Z-Z axis, errors in 
the X-X and Y-Y directions indicate that the theo- 
retical center of rotation is not coincident with the 
shaft. Under conditions of maximum error for each 
source, the origin of the system of axes has shifted. 
The magnitude of this shift is the vectorial sum of 
the total errors in the X-X and Y-Y directions. 

Before errors in the Z-Z direction are combined, 
the function of the mechanism must be studied care- 
fully. At this point, the method departs from a 
rigorous mathematical treatment. The true function 
is to be approximated by a straight line. 

Usually this line will not pass through the end 
points of the curve. If a portion of the function is 
critical, the straight-line approximation should be 
made parallel to that portion. Make this approxi- 
mation by laying a straight edge over the function 
curve. Then, move it until the area above the line 
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Example 1—Simplified System Analysis 


A pitch-manuever mechanism is to be used to 
change the attitude of a missile from vertical at 
the moment of launch to the position required on 
the course. The desired program is presented as 
a disc-type cam. A point on an arm will trace 
the cam profile. The arm is attached to the shalt 
of a precision potentiometer. Assume that the 
cam contour is theoretically perfect, the starting 
point is perfect, and the cam rotates uniformly 
at the correct speed. Since this is a two-dimen- 
sional cam, it will involve errors in the X-X and 
Y-Y directions only. 

A study of this apparatus reveals six sources 
of error which can affect the accuracy. These 
errors are tabulated and arbitrary values assigned 
for illustrative purposes. 

The size of the cam and the length of the 
arm are critical dimensions. Consequently, suit- 
able dimensions must be assumed. Since this cam 
is the biggest part in the apparatus, its size will 
determine the size of the mechanism. Even though 
a large cam is desirable for accuracy, assume the 
cam limited to a maximum radius of 2 in. The 
minimum radius is assumed to be 0.5 in., giving 
an effective rise of 1.5 in. 





Simplified pitch-program device. 


Error Analysis 


Magnitude (in.) 
x-X Y-Y 
Length of tracer arm 0.002 0.002 


Eccentricity of bearings 
Inner race 0.0001 


Outer race 0.0001 
Surface irregularity . 0.0001 
Center distance 
Zero setting of potentiometer 
Linearity of potentiometer (0.15%) 

Resolution of potentiometer (0.05%) 





Source of Error 











*There is no error in the Y-Y¥ direction since such error is 
eliminated in the zero setting. 
tThe system error-maximum is: [0.007 (100)]/1.5 — 0.51%. 
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Example 2—Spherical-Cam System 


The analog data are previously stored on a 
hemispherically shaped cam capable of storing 
500 discrete programs, Fig. A. 

Any specific contour is presented, using the 
automatic position-seeking mechanism which 
rotates the cam about a vertical axis. The trans- 
ducer is carried on a semicircular arm rotating 
about the center of the sphere. The tracer point 
follows an element of the basic sphere. The 
starting position error of the arm carrying the 
transducer will be minimized by a positive zero 
position formed by a lip around the base of the 
hemisphere. During the recycling operation, the 
tracer point is driven backward until it is stopped 
by this lip. The arm transporting the transducer 
is driven by a synchronous motor operating on 
precise frenquency-controlled power. Errors due 
to motor speed are considered insignificant. 

The mechanism will be analyzed using co- 
ordinate axes X-X, Y-Y, and Z-Z with the hemi- 
spherical cam rotating about the Z-Z axis. The 
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|. Linear approximation 

2. Maximum rate of pitch maneuver 
3. Minimum rate of pitch maneuver 


Pitch Maneuver (deg from vertical) 





semicircular arm carrying the transducer rotates 
about the X-X axis and the transducer arm rotates 
in Y-Z plane. The exact contour of the cam 
is unknown except that it is continuous without 
reversal of slope. 

A study of this system suggests several places 
where errors are unavoidable. The master cam 
will involve errors in contour and position. Rota- 
tion about the Z-Z axis and selection of a specific 
contour will involve further errors. Production 
cams will be made from a master cam, producing 
a double error. 

Location of the zero point on the cam and the 
zero point on the contour-selection potentiometer 
must be co-ordinated. The zero point on the 
cam will be a scribe line on the lip of the 
cam. A low-power microscope will be used to 
align the tracer point with this scribe line and 
the electrical zero of the selection potentiometer. 

Before an analysis can be made, critical dimen- 
sions must be established. The maximum cam 
radius of 3 in. will be <he starting point of the 
tracer. The maximum cam fall is 1.5 in. 

Compromise is involved in estimating the posi- 
tion error due to the sensitivity of the contour- 
seeking mechanism. If the mechanical system is 
tight, it will produce excess friction, requiring an 
amplifier of high gain in the servo loop. Such 


Spherical-Cam System Error Analysis 





Magnitude (in.) 


Source of Error 
x-x Y-Y Z-Z 





Errors in master cam 
Cam contour 0.001 0.001 
Zero point 0 0 
Position of starting lip cose 0 0.001 


Errors in production cams 
Cam contour 
Zero point setting 
Position of starting lip 
Eccentricity about Z-Z axis 


0.001 
0 
0.001 
0 


Errors in transducer support 
Errors in location of X-X axis 
Zero setting of tracer point 
Sensitivity of contour seeking 

mechanism 


Errors in transducer 

End play in pot shaft 

Radiai Inoseness (shaft bearings) 

Eccentricity in shaft 

Zero setting some 

Linearity of pot eves y 0.0007 

Resolution of pot eee 0.001 
Total deviation 0.0184 0.0066 0.0084 
rms deviation 0.0062 0.0008 0.0009 











Time (sec) 


Fig. B. — Linear approximation 
of function to be generated. 
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Vectorial sum of X-X and Y-Y total deviations .... 0.0195 in. 
Total Z-Z deviation x slope (0.305) .............. 0.0025 in. 
SEE: TD GED og vc cn es save scccccsusiésvsces, Be 
Total system error 1.47% 


0.0063 in. 





Vectorial sum of X-X and Y-Y rms deviations 
Z-Z rms deviations < slope (0.305) 0.0003 in. 
Total system rms deviation ........................ 0.0066 in. 
Dales Gees GU GH i ais on ds Sec cciccciviansicces 44668 





ERROR ANALYSIS 


Example 2—Continued 


systems tend to be unstable. With a reasonable 
amount of friction there may be slight backlash 
which decreases the sensitivity. 

The source and direction of the errors, along 
with assigned magnitudes, are shown in the table. 
The following facts must be considered: 


1. The tracer arm travels in the Y-Z plane. 

2. The actual error in cam contour, position, and read- 
ing is the shortest distance between the actual point 
and the theoretical point. The algebraic sum equals 
the square root of the sum of the squares of the 
errors about the X-X and Y-Y axes. 

3. Before the Z-Z errors can be combined with the 
sum of X-X and Y-Y errors the approximate slope 
of the function must be determined. 


Approximate Slope: A plot of the function to 
be generated by these mechanisms is shown in 
Fig. B. (Actually this function represents many 
families of curves lying between the limits of 
curves 2 and 3.) Approximations for the maxi- 
mum rate of pitch maneuver and the minimum 
rate are made first. A straight edge is laid over 
the curve and moved around until the area 
above the curve approximately equals the sum 
of the areas under the curve. Then lines a and b 
are drawn. The linear approximation is then 
drawn with a slope midway between a and b. 

The linear approximation gives the mean rate 
of pitch maneuver in deg per sec. Next, convert 
this slope to a cam of the desired dimensions. The 
cam fall is 1.5 in. The cam length is one quarter 
of the periphery of a 10 in. diameter sphere minus 
the unused portion, or about 7 in. These di- 
mensions are graphically shown in Fig. C and 
the linear approximation is drawn parallel to 
curve | from Fig. B. A construction line through 
the origin intercepts the 4 in. length at 1.22 in. 
fall. Therefore, the slope is 1.22/4 = 0.305. 

The per cent of error is readily computed by 
dividing the total or rms error by the traverse (cam 
fall 1.5 in.) and multiplying by 100. 


Linear approximation 
( parallel to curve no.| 
of Fig. 8) 


=0.305 


| 


2 3 
Cam Length (in.) 


Slope = 


122 
4 








Fig. C—Calculation of slope. 


is equal to the sum of the two areas below the line. 

It is possible that the function involved may in- 
troduce drastic changes in the slope of the linear 
approximation. In that case, the calculations should 
be repeated for the minimum, average, and maxi- 
mum slope. This process may reveal that the error 


The analog data is stored on a cylindrical cam 
capable of storing 100 discrete programs, Fig. A. 
The cam surface is continuous. Any specific con- 
tour is selected by the automatic position-seeking 
mechanism which positions the transducer at the 
desired program. The starting point of the cam 
is located with a positive latch having no back- 
lash. The cam is rotated by a synchronous motor 
operating on power of precise frequency. There- 
fore, errors due to motor speed are considered in- 
significant. The length of the effective contour 
will vary for different trajectories but in no case 
will it exceed 300 deg. The remaining 60 deg 
will be used to return the tracer point to the 
starting position so that the system can recycle. 

Two systems of co-ordinate axes will be used 
in this analysis. The cylindrical cam wiil rotate 
about the Z-Z axis of the first system consisting 
of X, Y, Z axes. The transducer will rotate about 
the Z’-Z’ axis of an independent system consisting 
of X’, Y’, Z’ axes. The distance between the two 
origins, measured in the Z-Z direction, will be 
selected by the position-seeking mechanism. 

A study of this mechanism suggests a large error 
resulting from the co-ordination between the 
origins of the two co-ordinate systems. Con- 
sequently, special provision must be made for 
adjusting the longitudinal relationship between 
the cam and the tracer point in the Z-Z direction. 
One solution consists of using a low-power micro- 
scope to measure the distance from the tracer 
point to a reference surface machined into the 
cam. The error due to lack of parallelness be- 
tween the Z-Z and Z’-Z’ axes is considered in- 
significant. Based on the overall size of the ap- 
paratus, assumed dimensions are: Cam length, 
5 in.; maximum radius of cam, 2 in.; and cam 
rise, 1.25 in. The shortest possible tracer arm 
will produce the greatest sensitivity in the trans- 
ducer. However, arm length is limited by the 
maximum radius of the cam plus the radius of 
the transducer. Assume an arm length of 2.75 
which, with a cam rise of 1.25 in., produces an 
angular traverse of 32 deg. 

The calculation of slope for the cylindrical cam 
system is illustrated in Fig. B. The method is 
the same as for the spherical cam system. The 
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is large under certain conditions. Thus, the accuracy 
of the mechanism is not uniform over its entire 
range. 

The mathematical slope of the linear approxima- 
tion is the tangent of the inclination of the line. 
However, the slope as expressed in mathematical 


Example 3—Cylindrical-Cam System 


slone is 0.42. Therefore, the values for error in 
ine Z-Z direction are multiplied by 0.42. 

The source and direction of the errors along 
with the assigned magnitudes are tabulated. 


Cylindrical Cam System Error Analysis 





Magnitude (in.) 
Y-Y 


Source of Error 


x-x Z-Z 





Errors in co-ordinate system X, Y, Z 
Errors in master cam 
Cam contour 
Longitudinal reference point 
Latch or starting position 
Errors in production cam 
Cam contour 
Longitudinal reference point 
Latch or starting postion 
Eccentricity about Z-Z axis 
Total deviation 
rms deviation 


0.001 
0.0005 
0.001 
0.0005 
0.0002 


0.0032 
0.0007 





Errors in co-ordinate system X’, Y’, Z’ 
End play in potentiometer shaft 
Radial looseness in bearings 
Eccentricity in potentiometer shaft§ 
Zero setting 
Transducer errors—electrical 
Resolution 
Linearity 


Total deviation 
rms deviation 


0.0005 
0.0002 
0.001 


0.0007 
0.002 





0.0044 
0.0011 





Errors in locating the origins of 
two axis system 
Zero position of position seeking 
potentiometer 


Linearity of position seeking 
potentiometer (0.1 per cent) 

Resolution of position seeking 
potentiometer (0.025 per cent) 

Sensitivity of position-seeking 
mechanism 





0.0078 
0.0009 


0.0269 
0.0051 


0.0076 
0.0009 





0.0107 in. 
0.0113 in. 
0.022 in. 
1.47% 


Vectorial sum of X-X and Y-Y total deviations .... 
Z-Z total deviation x slope (0.42) 





0.0013 in. 
0.0021 in. 
0.0034 in. 


Vectorial sum of X-X and Y-Y rms deviations . 
Z-Z rms deviation «x slope (0.42) 





$The distance between the bearings of the potentiometer shaft 
is less than the arm length. Therefore, the tracer point has an 
appreciable movement in the Z-Z direction. 
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Cam Rise (in.) 


parameters is not to be used in these calculations. 
Instead the slope is expressed in terms of mechanical 
traverse and the units are expressed in inches. As- 
suming that the mechanism involves a three-dimen- 
sional cylindrical cam with a rise of 1.5 in. in a 


length of 5 in., the slope through the end points 


Position seeker 
™ potentiometer 





¥ 
Fig. A.—Cylindrical cam system. 





T 
Linear approximation 


(parallel to curve no.1 
of Fig. 8 of spherical 


cam example ) oa 








ed 

















1 2 
Cam Length (in.) 
Fig. B—Calculation of slope. 





ERROR ANALYSIS 


is 1.5/5.0 = 0.3. If the linear approximation does 
not pass through the end points of the function, 
then the slope must be adjusted. When the ordinates 
and abscissas on the curve of this function are ex- 
pressed in inches instead of the regular mathematical 
parameters, the slope can be readily determined. The 


Table 1—Comparison of System Errors 





System rms Error 


(%) 


Maximum Error 





Spherical cam 1.47 0.44 
Cylindrical cam 1.47 0.22 
Magnetic tape 1.03 0.26 





process of determining the linear approximation is 
shown in Spherical Cam. 


System Error: The final step consists of determin- 


ing the magnitude of the errors in terms of the 
output of the mechanism. Output is defined as the 
total effective travel of the mechanism, in inches. 

The system error is expressed as a percentage of 
the total effective traverse. That is, 


Maximum system error 


Combined maximum error 





xX 100 
Effective traverse 


Combined rms error 
rms system error = xX 100 
Effective traverse 





Summary: The error calculations for the three 
mechanisms for controlling pitch maneuver are com- 
pared in Table 1. These computations indicate that 
the magnetic tape system is superior in system 
accuracy. 


Example 4—Magnetic-Tape System 


Data are stored in timebase-pulse form. A re- 
producing amplifier recovers the data from the 
tape for playback in original form. 

A variation of the three-dimensional analysis 
is used since the predominate error is time. The 
mecvhanical deviations produce errors which have 
only one direction and are readily converted to 
a time error. 

All errors of placement of the pulse on the 
tape are repetitive. The same deviation will exist 
for both the recording and playback of a program. 
The tape is endless. The program always starts 
from the same point. The starting position error 
is estimated at 0.001 sec. 

The shape of the pulse front affects the ap- 
parent accuracy with which it is placed on the 
tape or reproduced from the tape. Improved per- 
formance is obtained if the pulse is modulated 
with a frequency in which the duration of one 
cycle is insignificant in relation to the time error. 
If the modulating frequency is 10,000 cycles, the 


Magnetic Tape System Error Analysis 
Source of Errors 





Magnitude 
(sec) (per cent) 





Errors in recording the master program 
Starting postion 0.001 
Starting time delay 6.005 


Errors in playback of recorded data 
Starting position 0.001 
Starting time delay 0.005 


Errors in analog converter 
Time lag in stepping motor 0.008 
Potentiometer errors 
Zero setting 
Linearity 
Resolution 
Total deviation 
rms deviation 


0.0016 
0.0083 


0.0016 
0.0083 





maximum error resulting from pulse shape be- 
comes 0.0001 sec. The maximum error resulting 
from both recording and playback therefore is 
0.0002 sec, which is insignificant. 

It is not necessary that the power source be 
exactly 400 cycles, if the same power source is 
used for both the recording and playback opera- 
tions. A time error will occur only when there is 
a drift in the frequency between the two opera- 
tions. 

The digital-to-analog converter consists of a 
stepping motor and a potentiometer with suitable 
gearing between the two. The motor makes 30 
deg steps. The single-step gearing has a large 
ratio. Consequently all gear errors including 
back-lash, are considered insignificant. The poten- 
tiometer has the usual errors of zero setting, line- 
arity, and resolution. The master programs are 
recorded on perforated tape. The errors are ex- 
pressed in seconds of elapsed time and per cent of 
the mean time of the pitch program, which is 60 
sec. The summary of the errors in this megnetic 
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Part 17—Determining a Safe Working Stress 


® Brittle Materials 


* Model-Prototype Correlation 


S. S. MANSON 

Chief, Materials and Structures Research Div. 
Lewis Research Center, NASA 

Cleveland, Ohio 


ROPER design depends on thermal operating 

stresses which are below some level regarded 

safe for the material and structure involved. 
The question arises, then, as to what shall be the 
criterion for choosing the safe working stress. Ob- 
viously, the answer to this question depends on many 
factors—nature of the material, nature of the oper- 
ation, and type and consequence of failure. 


Nature of Material: Among the factors that enter 
under nature of material is whether it is brittle or 
ductile. Strictly speaking, the distinction here is 
arbitrary. For brittleness is not really a material 
property, but an interaction of material property, 
shape of the structure, and type of loading. A ma- 
terial utilized under one set of conditions can show 
ductility, while under other conditions it can be 
brittle. 

Attempts to be rigorous in definition are avoided 
if conventional engineering concepts of brittleness 
are employed. A material is brittle if failure occurs 
in a tensile test of a smooth specimen with less than 
some minimum of permanent elongation, about 0 
to '4 per cent. To evaluate thermal stresses for 
structures composed of such materials, failure can 
usually be assumed to be governed largely by the 
elastic stress distribution, and plasticity need not be 
considered in the computation of stresses. Ductile Fig. 102—Relative stress distribution at time 
materials, on the other hand, may require considera- of maximum stress in disc thermally shocked 


, a . t i . Disc was circular, had parallel 
tion of plasticity. Type and magnitude of the errors im am gol iomiunh stat thane 
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that result must be ascertained when plasticity is 
neglected. 


Nature of Operation: Of utmost importance in 
considering safe working stresses is the nature of the 
operation. Is the load applied repetitively? How 
long is the material at the high temperature where 
creep can occur, compared to the time at low tem- 
perature? Is steady load superimposed on the ther- 
mal loading? These are some of the questions which 
must be answered. 

The same thermal strain that is safe if the in- 
elastic portion is converted instantaneously to slip- 
type of plastic flow can be unsafe if the operation 
is sufficiently slow to permit some of the inelastic 
portion to be converted to creep. What may seem 
like a small static load can, in the presence of 
thermal stress, cause inordinately large deforma- 
tions, destroying a clearance, or otherwise desirable 
geometry. 

These factors are perhaps of greater importance 
for ductile than for brittle materials. But, even 
normally brittle materials can creep at high tem- 
peratures. Choice of working-stress level must, there- 
fore, depend greatly on the manner in which the 
part must be operated, and other loads present. 


Failure: The consequence of failure governs the 
working-stress level. For example, thermal-stress 
cracking of combustion liners of turbojet engines is 
common. But, such failures frequently do not im- 
mediately interfere with the continued operation 
of the engine. While replacement of the cracked 
part during overhaul is an important economic con- 
sideration, this type of failure does not rank in 
potential consequence with that of a component of 
a space vehicle where the success of the entire mis- 
sion might be endangered. 

Therefore, the degree to which the determination 
of a stress or strain distribution (and a choice of 
allowable values) is carried will depend on the im- 
portance of the failure, and the analytical anc ex- 
perimental resources available to make the deter- 
mination. 


Design Approach: In this article, and in the 
articles that follow, the discussion will be directed 
at methods of determining suitable working stresses 
for brittle and ductile materials. Obviously, the 
discussion cannot be complete; the state of the art 
has not yet progressed to the point where every 
aspect can be rigorously treated. 

The approach to be used is largely an engineer- 
ing one, and many of the procedures indicated are 
only approximations. But, an attempt has been made 
to incorporate as many rational factors as possible, 
using experimental data where available, to verify 
procedures. If must be recognized, however, that 
some of these procedures, while apparently reason- 
able, have not as yet been verified experimentally. 
Much remains to be done in the development of the 
science of design for thermal stress. 
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Discussion is divided on the basis of whether the 
material is brittle or ductile, using the loose concept 
already described for defining this property. For 
brittle materials, the discussion is limited to con- 
sideration of experimental techniques for determining 
a strength value. Determination is made from either 
a bending test or a thermal-shock test which can be 
expected to characterize the material under the 
stress distribution encountered in service. No at- 


Nomenclature 


h = Height, in. 

1 = Length, in. 

Material homogeneity 
Risk of rupture 
Radius, in. 
Probability of failure 
Volume, cu in. 
Width, in. 

Distance, in. 
Quench severity 
Dimensionless time 
Stress, psi 





asesS Yar ws 
Hou uu 


Subscripts 

A = Maximum radial distance 

b = Bending strength 

i = Element 

O = Material inherent strength 

t = Tensile strength 

u == Level below which no failures can be 

expected 














Tt, 


Fig. 103—Stress distribution in disc for various 
values of dimensionless time, with B= 10. 
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tempt is made to discuss the behavior of normally 
brittle materials in a temperature range where creep 
and placticity become important. 

To some extent the results of the discussion for 
ductile materials may be applicable here. For duc- 


tile materials, plasticity theory is applied for de-— 


termination of working strains, rather than the 
application of elastically determined values conven- 
tionally used in design. Criteria for failure in 
direct loading, in alternating loading, and in com- 
binations of the two will then be considered. 


Strength of Material: To determine the perform- 
ance of brittle materials, whether in a thermal shock 
or a slowly applied thermal stress, it is important to 
know the strength of the material. Yet, as has 
already been indicated, the strength of a brittle 
material depends to a considerable extent on the 
volume of material tested, and on the stress dis- 
tribution in the test part.’ Hence, it is important 
to evaluate the material under the volumetric 
stress distribution which actually exists. This can 
be accomplished either by actually determining the 
strength of test specimens under simulated stress 
distribution, or by developing a theory whereby test 
results of convenient laboratory specimens are ex- 
trapolated to the required conditions. 


> Risk of Rupture Criterion 


When a brittle material undergoes a spectrum 
of stress histories, as is the case during a thermal- 








Fig. 104—Relative stress distribution in disc at 
time of maximum risk of rupture, m=3. 
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shock application, failure is not always likely to 
occur at a time when the computed stress in the 
most highly stressed region is a maximum. Strength 
depends not only on the stress but on the probability 
that a flaw exists in the material in the particular 
region of high stress. Thus, the stress may be high 
at one instant during thermal shock, but concen- 
trated in a small volume of the material. At a later 
time, the maximum stress may be lower, but high 
stresses may be distributed over a larger volume. 

Probability of failure may be greater in the latter 
case. The lower nominal stress together with the 
most serious flaw in the larger volume under stress 
represents a greater hazard toward exceeding a 
critical stress in a localized region than does the 
higher nominal stress together with its most serious 
flaw in the smaller volume. 

To reduce the problem to quantitative terms, the 
relative importance of stress and volume in produc- 
ing failure must be stipulated. The concept of risk 
of rupture R can be used:17 


(124) 


R= f popav, 
v 


where o; = stress in the element of volume dV, 
and the integral is taken over the entire volume of 
the part under stress. 

Thus, every element of volume which is under 
stress contributes to the risk of rupture. However, 
only those elements under tensile stress are con- 
sidered to contribute to the risk of rupture. Elements 
under compressive stress are neglected, partly be- 
cause compression is not as detrimental in causing 
fracture as is tension, and partly because of math- 
ematical complexities that arise when the compressive 
elements are included. 

An analytical form for f (0) is 


0 r 
o 

where og = material constant relating to some in- 
herent strength, and m = material constant relating 
to material homogeneity. The higher the value of 
m, the more homogeneous is the behavior of the 
material. As m approaches infinity, the material be- 
haves as if failure were governed by the maximum- 


stress concept. 
In a more general form for f (;), 


og Ou = 
jay (EE) 
where o, = stress level below which no failures are 
to be expected. Equation 126 permits closer corre- 
lation of analytical and experimental results, but 
Equation 125 will be used in this treatment for 
simplicity. 
If Equation 125 is substituted into Equation 124, 


1 
R= o™ dV 
oo"™ V 


Equation 127 is used mainly in the quantitative 


fo) = ( (125) 


(126) 


(127) 


1References are tabulated at end of article. 
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comparison of two specimens having different vol- 
umes or stress distributions. If the risks of rupture 
for the two specimens are equated, relations be- 
tween the maximum stresses at the conditions of 
rupture can be obtained. 

Consider, for example, two tensile specimens hav- 
ing volumes V; and V2. Let the stresses at failure 
in each of the specimens be o; and oe, respectively. 
From Equation 127, the o” can be taken outside the 


integral sign because the stress is uniform. Therefore, 


(= )( om) fan: 
=(<S) (om ) fav: 


01 ( V2 1/m 
ree 

Thus, the stresses at fracture are inversely propor- 
tional to the m root of the reciprocal of the volume 
ratio. The larger the volume, the lower is the frac- 
ture stress. This explains the commonly observed 
size effect. 

A procedure to compare the fracture stress in 
pure bending with that in tension has been deter- 
mined. 

Let V be the volume of the tensile specimen and o; 
the tensile strength of this volume. Then, the risk 
of rupture at tracture is (o:/09)"V, as in the pre- 
vious case. For the bending specimen let 1, w, and 
2h be the length, width, and height, respectively. 
If the surface bending stress at fracture is o, then 
the stress at any distance x from the neutral axis is 
(x/h)o». The volume dV under this stress is lwdx. 
Thus, if Equation 127 is integrated over the region 
of positive stress, 


(130) 


m 
ob ) lwdzx 


Or, since V 
lwh 


( % )" = Vv ( o>» 
m+1\ ao 2(m+1) \ oo 


2lwh, 


) (132) 


If the risks of rupture for tensile and bending 
specimens are equated, 


Vv ( ob y" ( % 
ichsuciciliiadaie te ponhgege = V 
2(m + 1) %o Go 


Thus, 


(133) 


% 
—. = [2(m +1)]vm 


ot 


(134) 


For m = 3, o/o; = 2, this solution agrees ap- 
proximately with the experimental finding that the 
bending strength for some materials is twice the 
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tensile strength. The method of equating risks of 
rupture at two conditions of rupture will now be 
used to analyze the case of thermal shock. 


> Application to Thermal Shock 


Since the severity of a thermal-stress condition 
depends on the volumetric distribution of stress, a 
general treatment for all geometrical arrangements 
cannot be presented. The approach will, therefore, 
be illustrated by reference to a specific problem. 

Suppose that a flat circular disc is heated to a 
uniform high temperature, and then suddenly cooled 
at the peripheral edge while the flat faces remain 
insulated. Relative stress distribution in the disc 
at the time of maximum stress is shown in Fig. 102. 
The abscissa is the ratio of radius r to the maxi- 
mum radius of disc r4. The ordinate is stress o 
divided by stress at the rim o,. At the instant of 
maximum rim stress, the stress gradient in the vicin- 
ity of the rim depends considerably on quench 
severity 8.1 Hence, if the material were to be eval- 
uated on the basis of maximum stress and stress 
distribution, it would be important to give special 
attention to the quench severity f before arriving 
at a suitable working stress level. 

Fortunately, as illustrated in Fig. 103 for the 
value 8 = 10, the volume of material under re- 
latively high stress is limited to the surface layers 
when the surface stress is a maximum. On the other 
hand, the volume under relatively high stress in- 
creases after the surface has passed through its 
maximum stress. 

For this reason, the risk of rupture does not 
achieve its maximum value at the time the surface 
stress is a maximum. It occurs at a later time, 
when there is an optimum combination of high 
surface stress and large volume under stress. The 
actual calculation of risk of rupture can be achieved 
by numerical integration for assigned values of m, 
or by suitable approximations.1*!® These approxi- 
mations result in general formulas applicable to any 
value of m. Later, reference will be made to partic- 
ular calculations. For the present, some general 
features only of the results will be discussed. 

As illustrated in Fig. 104, such calculations show 
that the stress distribution at the time of maximum 
risk of rupture depends much less on f than does 
the stress distribution at the time of maximum stress, 
Fig. 102. Thus, a material evaluated under the stress 
distribution shown by the dotted line in Fig. 104 
will give a reasonable average strength usable over 
a considerable range of quench severities. 

Such a stress distribution can be achieved in a 
bending specimen having a thickness approximately 
65 per cent of the radius of the test disc. The region 
of compression is not properly simulated, but as 
previously indicated, compressive regions are usually 
neglected in considerations of risk of rupture. 

To properly simulate the volume and surface area, 
the test bar should have a width equal to the axial 
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thickness of the disc, and it should be tested in 
bending under symmetrical four-point loading The 
length between the inner supports is at a constant 
for the bending moment and should be equal to 
the perimeter of the disc. 

Calculations in Fig. 104 are for m = 3, which 
is a fairly extreme case. For more homogeneous ma- 
terials having larger values of m, the most severe 
condition tends to occur more closely to the time 
when the surface stress is a maximum, Fig. 102. 
Use of a test specimen for strength evaluation as 
previously described is shown by the dotted line, 
Fig. 102. 

Obviously, the high values of B would not be 
properly simulated. But, the more homogeneous the 
material, the less is the need to simulate the exact 
stress distribution, and the more significant the maxi- 
mum stress becomes. Hence, the maximum stress 
may be sufficiently accurate for design purposes 
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Fig. 105—Plot for determining homogeneity factor m 
from measured values of tensile and bending strength. 
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Fig. 106—Probability of fracture 
as a function of stress. 
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even though determined under inexact stress dis- 
tribution. 


> Homogeneity Factor 


As previously indicated, preliminary design may 
proceed by assuming a reasonably low value of 
m, about 3. Stress distribution is determined from 
an elastic-stress analysis, using a reasonable estimate 
of heat transfer coefficient 8. Stress distribution and 
the volume and surface under stress are then simu- 
lated in a suitable test specimen, and the strength 
is measured. This strength becomes the working 
stress. For more precise design, it is desirable to 
determine m directly for the material to be used. 
Several approaches are possible. 


Combination of Tensile and Bending Tests: As 
shown in Equation 134, the ratio of bending to 
tensile strength for two specimens having the same 
volume depends only on m. Hence, the experimental 
determination of this ratio, together with the plot 
of Equation 134, Fig. 105, permits direct determina- 
tion of m. 

However, two complications must be recognized. 
First is the difficulty of applying a pure tensile load 
to a brittle material. Concentricity of load becomes 
of utmost importance. By the use of special con- 
centric loading fixtures, some of the error due to 
load eccentricity may be reduced.” But, this is at 
best a difficult problem. 

The second complication is the need for many 
duplicate tests. The very nature of the problem 
dictates the need for many repetitive determinations 
of both tensile and bending strength, and the median 
values used in conjunction with Equation 134. 


Strengths Over a Range of Volumes: If a series 
of tensile or bending tests are conducted on speci- 
mens over a range of volumes, the value of 1/m 
can be determined as the slope of a logarithmic plot 
of stress ratio against volume ratio with Equation 
130. Again, however, many duplicate tests must be 
conducted to obtain median values. A further com- 
plication arises because, as the volume is changed, 
the ratio of surface-to-volume usually changes. 
Since the relative sensitivity of materials to surface 
and volume flaws is not known, interpretation of 
the results becomes difficult. 


Statistical Evaluation of Replicate Tests: Since the 
two previous methods involve experimentation on 
replicate specimens from which only the median 
results are used, it appears desirable to develop 
methods of analysis which make greater use of these 
replicate tests. Fig. 106 shows one such approach 
that can be used for any type of replicate test data. 
However, reference will be made to bending tests 
because they can be performed with minimum scatter 
introduced by the test procedure itself. Proportions 
of the specimen should be chosen to duplicate as 
closely as possible the computed stress distribution 
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at the time of maximum risk of rupture. They 
should also duplicate the volume of material under 
stress. 

The ordinate in Fig. 106 is the probability of frae- 
ture at a given stress. Experimentally, this proba- 
bility is determined by noting the percentage of tests 
in which failure occured at stress levels below the 
chosen value of the abscissa. The relationship be- 
tween probability of failure S and risk of rupture R 
defined in Equation 124 is'* 


(135) 


R = — log, (1 — 8) = f f(o)dV; 
v 


If Equation 132 is applied for the case of bending, 


R = — log, (1 — 8) = lo 
Be FR RE ans 


¥ V ( op )" 
2(m + 1) % 


Thus, if S is experimentally determined as a function 
of o», the value of m can be obtained from 


(136) 


pe 
log (log,) (—— ) = mo + 
& Gog ee & % 


V 
log ———_——_———- — lo ] 137 
[ g 2(m +1) m log ao (137) 


Hence, a plot of log log, 1/(1-S) versus log o» should 
give a straight line of slope m. The value of oo 
can be determined from the intercept of this line 
(given by the expression in brackets in Equation 
137), together with knowledge of volume V and 
value of m determined from the slope of the line. 


Table 1—Summary of Steatite Bending 
Tests 





Specimen Number Failure Stress 
i) 


Probability of 
(Testing order) (ps Fall 


ure, 8 





7 : 0.042 
10 x 0.125 
5 5 0.208 
9 . 0.292 


0.416 
0.416 
0.583 
0.583 


= = 
NReeKN QOH eS 


0.708 


An example of the statistical approach toward 
determining homogeneity factor m uses ceramic 
steatite.8 Table 1 shows the arrangement of the 
data for determining the failure probability S. Fig. 
107 provides the necessary plot for determining m 
and Fig. 108 shows the excellent correlation between 
the experimentally determined fracture-probability 
curve and that derived from Equation 135. 

The advantage of the statistical approach is that 
it provides the numerical values of m and ao. It 
also involves multiple testing of specimens under 
stress distributions closely simulating those to be 
encountered in the thermal shock under investiga- 
tion. Direct-strength determination and knowledge 
of the degree of duplicability to be expected are im- 
portant types of information that add confidence to 
the predicted performance of the final design. 


> Working Stresses from Shock Tests 


Thus far, the working-stress level has been as- 
sumied to be determined by a series of mechanical 
tests suitably simulating the thermal-stress condition. 
Homogeneity factors and other material properties 
necessary to extrapolate results from one set of con- 
ditions to others were also based on mechanical tests. 
A few thermal-stress tests conducted under carefully 
chosen conditions can serve as an adjunct to the 
mechanical tests, or replace them completely. 

An important advantage of a thermal-stress test 
is that evaluation can be made at the necessary 
temperatures and temperature gradients thereby in- 
troducing the proper material property variations if 
they are temperature-dependent. 

Thermal-shock tests for determining homogeneity 
factor m and the effective strength for a given size 
of specimen have been described previously.?! For 
the quenched disc, thermal-shock tests are necessary 
under at least two known conditions of heat-transfer 
coefficient. If homogeneity factor m is determined 
from mechanical tests, a single condition of thermal 
shock suffices to determine the strength. 

For steatite, the agreement between properties de- 
termined from mechanical tests and thermal-shock 
tests was remarkably good.?! These tests involved 
a material of extremely high homogeneity. Hence, 
the scatter in the thermal-shock data as well as in 
the determination of other material properties was 
very low. However, the uncertainty regarding a 
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Fig. 107—Curve for determining m from experimental fracture data of steatite bars in bending tests. 
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working-stress level resides largely in materials hav- 
ing low values of m. 

Scatter in the data is thus expected to be an in- 
herent property in such materials. This makes rep- 
licate thermal-shock tests necessary for statistical an- 
alysis, or at least for the determination of a repre- 
sentative median, and minimum strength values. For 
critical designs, where failure cannot be tolerated, 
the minimum properties must be used in design 
calculations. 


> Heating Versus Cooling 


When the service part is cooled on the surface, 
contraction of the outer layers causes tension. Fail- 
ure, when it occurs, is initiated somewhere at the 
surface or its near vicinity. When the part is heated, 
however, expansion of the surface layers causes com- 
pression which is balanced by tensile stresses in the 
central region. Although shear induced by the com- 
pression may cause surface spalling, the more critical 
type of failure occurs when a tensile crack develops 
in the inner region. 

Data on the properties of materials subjected to 
center-body tension and surface compression are 
very fragmentary because of the difficulty of achiev- 
ing such a stress distribution in mechanical load- 
ing tests. The limited data available are from 
thermal-shock tests of cylinders and spheres in which 
some uncertainties existed and in which the rate of 
loading was much higher for the cooled speci- 
mens.'*?2, These data showed that alumina had 
much higher strength in the case of heating than 
for cooling. Depending on the specimen size, the 
discrepancy in strength can be as high as a factor 
of 2. 

Thus, if designs for tensile stress in the interior 
portions of a body are based on strength determina- 
tions on bending specimens, they can be expected 
to be conservative. This is true because the highest 
tensile stresses of bending specimens are at the sur- 
face. 


> Design Considerations 


For brittle materials, the working-stress level 
should be experimentally determined from samples 
of material which have been satisfactorily processed. 
This processing should conform as closely as pos- 
sible to that of the final working part. Since volume 
under stress and stress distribution within the vol- 
ume govern, to some extent, the stress level that 
can be supported, these factors should also be 
simulated. 

Obviously, it is not possible to reproduce in the 
test piece all the pertinent variables in the final part. 
Hence some method of correlating part behavior 
and laboratory specimen strength is very useful. 

The statistical approach which postulates the ex- 
istence of an inherent strength and a homogeneity 
factor serves as a minimum useful initial approach. 
If specimens and test conditions are selected to sim- 
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Fig. 108—Experimentally determined frac- 
ture-probability curve for steatite bars. 


ulate as closely as possible the conditions in the pro- 
totype, the degree of extrapolation in predicting 
the behavior of the prototype can be minimized. 
Simple bending tests provide the most useful in- 
formation because they can be performed with a 
minimum of experimental difficulty. 

When a design must be undertaken without the 
benefit of a preliminary test program to determine 
effective strength, published bending-strength data 
may be used. Degree of scatter in specimen test re- 
sults is extremely useful. At the least, it is an in- 
dication of scatter that can be expected in the pro- 
totype. If used more sophisticatedly, it can provide 
information about the homogeneity factor which 
is useful in more quantitative predictions of proto- 
type behavior. 
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Cylindrical Lenses 
and Plug-in Galvanometers 


INPUT FROM AN EVENT causes a small 
galvanometer element to flash a helio- 
graph-like signal to be recorded on 
photosensitive paper. Mirror for the 
unit is mounted on a torsion strip. 
Special iron-free material is used for 
the moving coil of the galvanometer 
because of the high induction field. 


STANDBY LAMP INSURES against loss of information if the main lamp fails during 
a nonrepeatable sequence of events. Failure of lamp permits a swivelling mirror 
to drop into place and deflect light from a standby lamp into the main light path. 
A single cylindrical lens replaces gangs of spherical lenses to focus light from all 
galvanometer elements used. Similarly a single cylindrical mirror directs the light 
to the elements. Slotted drum projects a time grid across the entire width of the 
paper. Digital display is projected on the paper by an auxiliary photo system. 











Simplify Design of Slow-Rate Photo Reccerder 


Magnet biock 


MAGNET BLOCK ACCOMMODATES up to 
16 galvanometer elements to make possi- 
ble the recording of that many events in 
a single optical system. Galvanometer 
elements are inserted in mounting holes 
in the single magnet block from above. 
They are turned in their sets to orient with 
the direction of the light beam. Oscillo- 
graph can remain closed while galvanom- 
eter elements are adjusted. 


BUILDING-BLOCK DESIGN allows compo- 
nents to be removed or replaced. Gear 
wheels give six different ratios, and re- 
duction gear train offers an optional 
1:100 reduction, making a total of twelve 
speeds available for the paper drive rang- 
ing from 0.015 to 55 ips. Oscillograph 
with galvanometer elements is a design of 
Siemens & Halske AG, Munich, Germany. 
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Slide Pivots on Bearing Ball 
To Align Spectrograph Slit 





INDIVIDUAL ADJUSTMENT of two cams aligns the edges of r" 
a spectrograph slit aperture. A bearing ball forms the y 
pivot for rotation and yet furnishes acceptably low resistance 
to forward and back motion. It's retained in a bridging Bearing ball 
assembly over the slide that supports one slit edge mem- 
ber. A nylon centering washer keeps the ball in place, and Centering SS 
= 


a helical compression spring presses it firmly into a longi- washer 








tudinal groove in the slide. 





Compression spring 
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WORM-DRIVEN CAMS MAKE adjust- 
ments as fine as 0.0001 in. A fairly 
strong spring holds the slide in contact 
with the cams. One complete turn of 
the worm rotates the cam through 1114 
degrees. Slit edges are razor blades 
mounted with a slight overlap and 
then ground to fit. 








SLIT ASSEMBLY IS USED in a vacuum 
spectrograph for analysis of chemicals. 
It is reported by N. Raskhodoff of 
the U. S. Naval Research Laboratory, 
Cheverly, Md. 








Bridging assembly. 
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Walking Beam Feeds Stock 
In Horizontal Press 
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Clutch liner 
Flywheel! 


Clutch plate 
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Ultrahigh-speed horizontal 
press was developed by Em- 
hart Mfg. Co.'s Hudson Div., 
Hudson, N. Y. It will handle 
light-gage metals as well as 
nonmetallic materials. 


STOCK FEED TO MATCH 
the high operating rate 
of a horizontal press is 
achieved through a 
unique walking-beam 
linkage. Oscillating 
movement of the T- 
shaped walking beam is 
produced by a simple 
variation of the classic 
slider-crank mechanism. 
Arms of the walking 
beam are attached to 
racks which drive the 
stock-feed rollers. Pneu- 
matic cylinders release 
roller pressure on the 
back stroke. 


INERTIA FORCES ARE 
BETTER BALANCED in 
the horizontal setup, say 
designers, making possi- 
ble rates as high as 
1500 strokes per min- 
ute. Horizontal punch 
ram is eccentric-cam 
driven. Conventional fly- 
wheel and clutch are 
mounted at the base of 
the press. Slideways 
are magnesium, faced 
with fiber-reinforced 
phenolic. The same plas- 
tic is used for clutch and 
brake linings. 
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Tape Recorder Changes Playback Time 
Without Altering Pitch or Quality of Recording 


PLAYBACK TIME FOR A RECORDING 

is decreased or increased without J 

changing the pitch or quality of its if2 | 3| 4| 5 | 6 7|8 9 fiofii fiz} fialis | Normal 
sound with a new tape player. To = 9 


decrease playback time, it oF eee ere eon eal 


individual sound bits Playback at: 














intervals. To increase time, bits are corrier - 

repeated at regular intervals. Of WN t | @ | 3 4 | 6 g, [8 E [! [12|13}14 [is }7|16 we pehicatice 
course, these bits must be shorter 

than the shortest discrete sound vari- 1 | 3] 57 |9 Jur fi3}is}i7}ig}an |23]25}27|29 “oe en 











_ compression 





ation. Manufacturer claims play- 
back time can be compressed to 50 
per cent or stretched to 200 per cent 
of the original time without notice- 
able distortion. 


MULTIPLE-HEAD PICKUP DRUM drops 
or repeats bits by rotating with or 
against the tape as the heads wipe 
across it one at a time. Tape is 





wrapped 90 degrees around the 
drum so one head starts recording 
just as its predecessor leaves the 
tape. Pickup drum is geared to the 
core of the tape-drive motor, so tape 
speed is constant in relation to any 
playback head, and pitch of re- 
corded sound does not suffer change 





in the playback. 


























Pick-up 
drum <> Rotor 
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Core of drive motor 3 





Controlled-time tape player is a prod- AUXILIARY MOTOR ESTABLISHES compression or expansion rate through a 

uct of Telefonbau und Normalzeit , F ‘ , ‘ ‘ 

Guts; hand, Gane. disc drive. Although motor shell speed is constant in relation to pickup drum 
speed, the disc controls the absolute speed of the system, with the drive 
motor acting as an electromagnetic differential between tape drive and drum. 
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Battery-Powered Telephone Handset 
Hides Small “Station” in Its Housing 


Calling key 
HANDSET BODY INCORPORATES all necessary elements 
of a telephone station to complete calls over a distance 
of up to 9.3 miles. Induction coil, microphone, transistor 
and a small buzzer are neatly packed away in space 
usually reserved for the microphone. At the hearing 
end, the earphone is flanked by two pushbuttons. A 


NO TRANSISTORS, RELAYS OR COMPLEX CIRCUITRY mar the Spartan sim- 
Two normally open circuits— 


plicity of the wiring diagram for the phone. 


red one operates the buzzer to call the other phone. 
A black pushbutton closes the speaker circuit; it is held 
down while the user is talking. In the handle, three 
flashlight batteries furnish 4.5 v to operate the unit. 
Spring-clip binding posts make possible quick installa- 
tion or removal of the phone for temporary service. 


Self - sufficient telephone 
weighing 1 |b is a product 
of Standard Elektrik Lorenz 
AG, Stuttgart, Germany. 


one for the microphone, and one for the calling buzzer—are provided with 


selection keys. 
station's earphone to call the party. 


The buzzer sets up an audio-frequency signal in the remote 
For added simplicity, one connection 


may be grounded and only one line strung between stations. 


Calin ey 








June 9, 1960 ° 








design im action 





Planetary Pinions Lock 
Freight-Car Bulkhead against Load 


PRESSURE EXERTED on‘a central crank locks four planetary overhead trolleys, until it contacts the load. Then the 
pinions into place to hold a bulkhead against a cargo. crank is inserted and turned until proper pressure is 
Pinions operate against racks built into the sides of a exerted on the load. The bulkhead exerts 400 psi for 
freight car. The bulkhead travels freely, suspended on every pound pressure on the crank. 





4 SUN ROTATES TO PRESS planetary 
‘ pinion into the rack, and then drives 
the pinion to exert pressure against 
the cargo. Rack-and-gear locked 
bulkhead is a development of 
Anchor Steel & Conveyor Co., Dear- 
born, Mich. 


4 SPROCKET CHAIN CONNECTS driving 

‘ worms. Lower worm is operated by 
the removable crank. Worm and 
gear assemblies (in boxes) transmit 
drive to sun-gear shafts. 
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When velocity and acceleration are 


known, finding resultant force F, is easy 


But 


finding the angular acceleration from 


force F and angular velocity is tough 











Here’s a direct method for 
finding accelerations: 


Linkage Dynamics 


V1 


G. T. CSANADY 
Senior Lecturer in Mechanical Engineering 
University of New South Wales 
Kensington, Australia 


HE method of “linear dependence” is a power- 
ful tool for finding the accelerations of all the 
links in a mechanism when external loads 
are applied to one or more of the links. It is based 
upon elementary ideas and yields solutions directly. 

The technique applies to mechanisms containing 
turning or sliding pairs. The examples illustrate the 
application of the technique developed to a single 
configuration in a cycle of motion of a mechanism, 
but not necessarily a configuration at which the 
inertia effects are greatest. 

Further, the velocities of all the links of the mecha- 
nism are assumed as already determined for each 
of the configurations chosen. In this article, most of 
the accelerations are found graphically by the vec- 
tor-polygon method. Velocity polygons, too, are the 
chosen way to establish consistent sets of velocities, 
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but other ways of finding velocities would serve 
just as well. 


Linear Dependence: In a mechanism, as distinct 
from freely moving objects, each moving point moves 
in a precise and retraceable relationship with respect 
to other points. Surprisingly few magnitudes can be 
chosen independently. 

The act of choosing any mechanism of definite 
proportions establishes a path along which every 
point will travel as the mechanism undergoes changes 
from one configuration to another. Directions of 
velocities are always tangent to the paths and inde- 
pendence in the choice of velocities is limited to one 
magnitude per configuration. 

But the designation of a single velocity per con- 
figuration does more than fix all other velocities. 
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In conjunction with the curvatures of the paths, it 
fixes the normal components of the accelerations. 

Tangential components of accelerations express 
changes in the magnitudes of the velocities. Again 
only one velocity magnitude can be altered at an 
arbitrary rate. 

In the ordinary engine mechanism, for example, if 
either the piston acceleration, or the tangential ac- 
celeration of the crankpin is known, the acceleration 
of any other point in the mechanism is readily de- 
termined. 

Toward extending the application of these princi- 
ples of dependence to the solution of more complex 


problems, a question may be pondered: What is 
the functional dependence between the accelerations 
of any two points in a mechanism? 

This dependence happens to be linear. That is, 
if x is the magnitude of the tangential acceleration of 
a conveniently chosen reference point, P, the accel- 
eration of any other point Y may be expressed by 


Ay = xBy + Cy (1) 


where the parameters By and Cy depend upon the 
momentary configuration of the mechanism as well 
as upon the relative positions and velocities of the 
two points. 

Consider the accelerations of (motion-transfer) 
points P and Q on coupler link 3, Fig. 1. In this 








Fig. 1—A typical four-bar mech- 
anism in two configurations. 
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instance the linear dependence of the acceleration of 
point P with respect to Q is 
Ag = «Bg + Cg (2) 


Equation 2 is general and valid for components 
of accelerations in any prescribed direction. The 
present discussiun is concerned primarily with the 
tangential components because they affect the inertia 
forces and torques of moving links. Hence, in terms 
of tangential components only, the linear dependence 
is 


T9 = xBrq + Cra (3) 


Fig. 2 is a conventional acceleration polygon of 
the four-bar mechanism represented by Fig. 1. Vec- 
tor op, which appears in boldface to distinguish the 
vector from its magnitude op, defines the acceleration 
of reference point P. The magnitude of the normal 
acceleration of op is represented by the length Npo; 
that of its tangential acceleration by Tpp = x. The 
normal and tangential components of accelerations 
oq and pq are identified in similar fashion, the com- 
ponents of the latter being relative to P. 

Usually in the construction of an acceleration 
diagram like Fig. 2, the tangential components T go 
and Tgp are the unknowns. Suppose now that the 
constructions are carried out for two tangential mag- 
nitudes x. Fig. 3 is obtained. Regardless of the 
magnitudes assigned to variable x, all the p points lie 
along one line; those of q lie along a second line; 
and those of n lie along a third line, which is paral- 
lel to the p line. 

Triangles ing are similar. Distances along the n- 
line, as non;, are equal to distances x along the p- 
line. Hence, distances along the q-line are propor- 
tional to x. The ng distances represent tangential 
components of the relative acceleration of QO to P. 
Thus the relative tangential components, too, are 
linear functions of x. 

The results just demonstrated by the constructions 
are readily expressed algebraically. Fig. 4 consists 
of the same vectors as Fig. 2 with the angles desig- 
nated by a and f. Note that these angles depend 
only on the configuration of the mechanism. Three 
sides of the six-sided polygon are of known length. 
They are the normal acceleration components Npo, 
Nop, and Noo. OF the other three sides one may be 
chosen at will. This is called the independent vari- 
able Tpp = x here. The length of the remaining 
two sides may now be determined from the condition 
that the polygon closes (exactly as the equilibrium of 
concurrent forces in the plane is handled in which 
two equations enable the determination of two un- 
knowns). 

Too = Npo cos a + xsin a — 

Nop cos B + Top sin B (4) 

Noo = Npo Sina — £ COS a — 

Nop sin B = Top cos B (5) 

The unknown Tgp may be determined directly 
from the second equation, substituted into the first 
equation, and then Tg9 may be found. Clearly, both 
depend linearly on x, which proves Equation 1, with 
the constants B and C depending on the velocities 
and the configuration of the mechanism. 
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The essential conditions in this proof are: 1. That 
the directions of the vectors in Fig. 4 are fixed by 
the configuration of the mechanism, and 2. that the 
magnitudes of the normal components may be cal- 
culated from the velocities. These conditions are 
general and are also fulfilled in case Coriolis’ com- 
ponents of acceleration appear. Angular accelerations 
are calculated from relative tangential accelerations 
of two points, on a link (e.g. from Tgp for link 3 
in the above example) and hence these also depend 
linearly on the chosen independent variable x. 

Fig. 5 shows an acceleration construction similar 
to Fig. 3, but drawn for the configuration appear- 
ing as the dashed lines in Fig. 1. The dependence 
of Tgo on Tpo = x is again linear, but the constants 
in Equation 1 would now be quite different. 

Fig. 6 shows linear dependence with Coriolis’ ac- 
celeration. The tangential acceleration of point QO 
(on the link O,Q), shown as qoqi, qoq2, and qoqs 
clearly varies in proportion to the tangential acceler- 
ation x of point P. 

Practical determination of the B and C parameters 
is usually graphical. It is performed as an extra step 
in constructing the acceleration polygon. Fig. 3 illus- 
trates the principle. If the nature of the problem is 
such that the reference point P already has a tan- 
gential (or x) component, then the C parameter is 
established by a construction for x = 0. Conversely, 


Pp 
(5)Nelocity diagram 


(c) Acceleration diagram 


Fig: 6—Linear dependence with a Coriolis’ acceleration. 
Point P moves in a circle of constant radius O,P. Point Q 
in link 4 is the momentary point of coincidence with point P. 
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if the reference point has a zero tangential com- 
ponent, then an x is assumed to get a second value. 
The manner of using two numerical values to define 
a linear dependence relationship is illustrated in de- 
tail in the example. 


Method of Dynamical Analysis: Equilibrium of 
static loads on a mechanism can be treated with 
the aid of the principle of virtual work: 


SPs t > dH =0 (6) 
é 


t 

where the 8s; increments are small but possible dis- 
placements of the points of application of effective 
loads P;, in the direction of the loads (scalar prod- 
uct), 8; increments are small angular displace- 
ments, and 7 are external couples. If the displace- 
ments are chosen so that they all take place in time 
$t, Equation 6 may be written 


Pv + yr = (7) 
i i 


The products are counted positive if the forces or 
torques act in the sense of the velocities V; or angular 
velocities o,, negative if in the opposite sense. 

The problem of dynamic acceleration analysis 
can be reduced to a static equilibrium problem with 
the aid of D’Alambert’s principle. Introducing in- 
ertia forces, —m, 7; and inertia torques, —I; 7, and 
treating them as external loads, Equation 7 still holds. 
Note that it is the tangential acceleration compo- 
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(b) -Velocity diagram 





Fig. 7—Three convention- 
al diagrams of a certain 
offset slider-crank mech- 
anism as they are related 
to each other for finding 
accelerations by polygon 
methods. 


nents that matter. Moments of inertia are to be taken 
about the center of gravity of each link, while the 
tangential acceleration components are those of the 
centers of gravity. 


Table 1—Link Weights and Properties 



































Link or Center- Weight. Center of Radius of 
Point distance (Ib) Gravity G 
(in. ) (in.) (in.) 
Crank, OP 13.4 20 7 from 0 5 
Connecting 
Rod, PQ 13 8 Midpoint 6 
Slider, Q $2 5 at Q 0 
Table 2—Linear Velocities 
Point Vector Direction Velocity Magnitude 
Fig. 7b Symbol (in. per sec) 
P op Vee 1005 
Q oq Voo 1085 
Pq Vor 575 
G og Veo 525 
H oh Vas 1000 
Table 3—Angular Velocities 
nT os Direction of Angular Speed 
Rotation (rad per sec) 
Crank, OP Clock wise vis) 
Connecting Counter- 
Rod, PQ clock wise 44.3 
Slider Neither 0 
Table 4—Normal Accelerations 
Link or a Vector Direction Magnitude 
Point Fig. 7 Symbol (in. per sec?) 
Crank, P P toward O Npo 75,400 
Connecting 
Rod, Q Q toward P Nop 25,400 
Slider, Q Vertical Noo 0 
Horizontal Ag : 
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Fig. 8 — Offset slider 
mechanism to define and 
illustrate the forces and 
torques acting upon it. 


When the velocities are known and all linear and 
angular accelerations are expressed in terms of one 
reference tangential acceleration x, Equation 7 pro- 
vides a linear equation for x, leading to the solution 
of the problem. 


Example: In the offset slider-crank mechanism of 
Fig. 7 the instantaneous angular speed of the crank 
is 75 rad per sec, a resisting load of 250 lb is applied 
to the slider, and other dynamic properties of the 
links are listed in Table 1. 

Wantep: The tangential acceleration of point P 
and the angular acceleration of the crank. 

Sufficient information is available to find the 
necessary velocities and normal accelerations. These 
data are recorded in Tables 2, 3, and 4. 

Fig. 8 illustrates the six products needed for sub- 
stitution into Equation 7. All except one depend 
upon the unknown tangential acceleration, The next 
step therefore is to express each of the five unknown 
magnitudes in terms of an unknown tangential mag- 
nitude x of point P. Parameters B and C need to 
be found for five relationships like Equation 3. 

Two values of x are assumed: 0 and 30,000 in. per 
sec. Table 5 records the magnitudes of the various 
accelerations caused by these assumed values. 
LINEAR DEPENDENCE RELATIONSHIPS: Consider now 
the parameters B and C necessary to establish the 
magnitude of the acceleration of O in terms of x. 
When x = 0, Ag = —38,000, Table 5. When x = 
30,000, Ag = —7000. Therefore, 

31,000 

Ag = — 38,000 + — 
30,000 
= 1.03  — 38,000 


Similarly, 


(8) 


Table 5—Accelerations Resulting from Assumed Magnitudes of x 


VA, 
eS 
6 GM 


-lpo%bo 


(9) 
(10) 


= x — 30,000 

= 0.522 x 

the case of the angular acceleration agp, when 
x = 0, agp = 4500. When x = 30,000 in. per sec’, 
agp = 5850 rad per sec*. Therefore, 


x 
agp = — + 4,500 (11) 
x 

ag = 134 (12) 
Summary OF Forces AND TorguEs: The products in- 
dicated by Fig. 8 can now be formed by Equations 
8 to 12, inclusive, and data from Tables 1, 2, and 3. 
Thus, 


(13) 


20 
— mgTgVe = tee (— 0.522 #)525 


x 
5(-2.) = 
13.4 


20 
386 
8 
386 


— Ipoapo = (14) 


(15) 


6 ( a 4,500 ) 44.3 
22 


— Igpagp = 


8 
— myTyVy = ry (—x + 30,000) 1,000 (16) 


5 
— mg AgVo = —— (—1.03 # + 38,000)1,085 (17) 
386 


FV9 = — 250(1,085) (18) 
Setting the sum of Equations 13 to 18, inclusive, 
equal to zero in accord with Equation 7, 
x = 12,700 in. per sec? 
12,700 
a= = 945 rad per sec? 
13.4 
Since these quantities are positive, the tangential 
acceleration of P has the same direction as the veloci- 
ty, and the angular acceleration is clockwise. 


(19) 


(20) 








‘ Identifi- 
cation 
Fig. 7 


Point 
or Link Linear Magnitude 


(in. per sec?) 


For z = 30,000 in. per sec? 
Angular Magnitude 


rz—0 
Angular Magnitude 
(rad per sec?) 





_ Fo 
Linear Magnitude 
(in. per sec?) 


(rad per sec?) 





P Tpo=2 
Crank 

Slider, Q oq 
Rod, PQ 
G 


30,000 
—7000 


15,700 
—300 


Too 
H Tx0 





0 
2240 0 
0 — 38,000 0 
5850 4500 
crank 0 crank 
conneeting rod —30,000 connecting rod 





Note: Negative signs indicate direction opposite to velocity of point or link. 
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Cooling Systems and 
Limiting Devices for 


Torque 
Converters 


UXILIARY devices may be required to com- 
pensate for characteristics which are in- 
herent in torque converter performance. For 

example, the power to heat loss must be dissipated 
to prevent overheating of the converter fluid. 

In some applications, a constant output speed is 
desirable. Or, the torque-multiplying ability of the 
converter at low output speed may have to be lim- 
ited to prevent overloading of the other part of the 
complete machine. 

This article discusses various accessory devices for 
accomplishing these objectives. 


Cooling Systems 


The power to heat curve shows the actual heat 
to be dissipated when the engine of an engine-con- 
verter unit is operating at full throttle. The heat 
load at full-throttle operation varies from the maxi- 
mum at stall to a minimum at the point of highest 
converter efficiency. The heat load again increases 
toward race in some type converters. 

The heat load can be dissipated by piping fluid 
from the converter circuit to some type of heat 
exchanger, and back into the converter circuit again. 
The heat-rejecting portion and the heat-absorbing 
portion of any cooling system must each follow the 
basic heat-balance formula: 


Q = We(AT) (1) 


In a shell and tube-type heat exchanger, the 
engine-jacket water is the cooling medium used to 


178 


remove heat from the converter fluid in the heat 
exchanger. The water passes through the tubes and 
the converter fluid flows around the tubes inside 
the shell. Ideally, a heat exchanger should have suf- 
ficient heat-transfer capacity to reduce the con- 
verter-fluid temperature to within 10 F of the high 
water temperature. 

The temperature of the water after it passes 
through the heat exchanger should be about 200 F 
maximum to avoid danger of boiling. Therefore, the 
minimum converter-fluid temperature can be about 
210 F. For a maximum converter fluid temperature 
of 250 F, AT would be 40 F. 

For example, determine the flow of converter 
fluid through a type 6, 1500 series converter (as 
shown in Fig. 9 of article 3) required to maintain 
a temperature difference of 40 F. The fluid is SAE 
10 oil which weighs about 7 lb per gal and has a 


Nomenclature 





c = Specific heat, Btu per lb-deg F 
G = Fluid flow, gpm 

N1 = Converter input speed, rpm 

Nz = Converter output speed, rpm 
Ph = Power to heat, hp 

Q = Heat load, Btu per min 

R, = Speed ratio 

W = Fluid flow, lb per min 

AT = Temperature difference, deg F 
& = Fluid weight, lb per gal 
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specific heat of 0.52 Btu per lb-deg F. Substituting in 
Equation 1, rearranging, and solving, 


_ 42.4 Py, 

~ 8e(AT) 

_ 42,4(28.5) 
~ 7 (0.52) (40) 
= 8.3 gpm 


Engine speed at the low 70 per cent efficiency 
point is 1630 rpm. On a type 6, 1500 series con- 
verter with integral pump, the standard pump-drive 
ratio is 1:1.15 (step-up), giving a pump speed of 
1875 rpm. The standard pump for this converter 
delivers about 10 gpm at this speed. Therefore, 
the oil-flow rate is sufficient. 

The heat exchanger must be adequate to utilize 
this oil flow, along with the water flow provided by 
the engine water pump, to dissipate the 28.5 hp 
heat load. Water flow and temperature conditions 
vary somewhat with engine design. A high flow of 
water, held to a reasonable temperature range with 
a proper thermostat system, reduces the size of heat 
exchanger required. Lower water flow at higher 
temperatures, however, requires a larger heat ex- 
changer to dissipate the heat adequately. 

A radiator-type oil-to-air heat exchanger can be 
used to simplify the piping and to reduce the cost, 
particularly on field conversion installations. The 
air can be supplied by the engine fan or an independ- 
ently driven fan. This type of cooling is commonly 
used on electric-motor converter installations, un- 
less cooling water is available from a plant or muni- 
cipal water system. 
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Fig. 1—Cooling system for sta- 
tionary-housing converter. 
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Fig. 2—Cooling system for ro- 
tating-housing converter. 
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Fig. 3—Cooling system for rotating-housing con- 
verter—sump common with transmission. 





TORQUE CONVERTERS 


The oil-to-water method of cooling automatically 
establishes a minimum operating temperature of 
converter fluid. The converter-fluid temperature can 
never be as low as the maximum water tempera- 
ture. The same benefits can be obtained with ther- 
mostats and a bypass line in an oil to air system, 
but cost of the system is increased. 

The need for establishing some minimum for the 
converter-fluid operating temperature depends upon 
the converter design and the fluid used. Fluid tem- 
perature affects fluid viscosity, which in turn, af- 
fects fluid density and flow within the hydrody- 
namic circuit. All three may slightly affect the con- 
verter absorption characteristics and efficiency. 

The three-stage converter, with diesel fuel as the 
converter fluid, is the least affected in performance 
by viscosity changes due to temperature variations. 
Even with converter-fluid temperatures down to 
100 F, peak efficiency is reduced no more than | 
per cent from what it is at normal operating tem- 
peratures. This converter is the least subject to 
overcooling with an oil to air heat exchanger. 

Fluid-temperature changes have more effect on 
the performance of types 1, 4, and 6 converters 
which use SAE 10W oil as the fluid. Peak efficiency 
may drop about | per cent from normal at 170 F, 
and about 2 per cent at 140 F. Efficiency is reduced 
because, for a given temperature change, the vis- 
cosity of SAE 10W oil changes considerably more 
than does the viscosity of diesel fuel. Therefore, it 
is advisable to use oil to water heat exchangers 
with converters which use SAE 10W oil as fluid. 

In applications in which the retarding effect of 
the converter is used, any power which the con- 
verter absorbs as a result of the retarding action must 
be dissipated by the heat exchanger. The free- 
wheel clutch or direct-drive clutch will generally 
keep the engine—and consequently the fan and 
water pump of the engine-cooling system—up to 
speed. During the retarding period, the engine-cool- 
ing system will not have to dissipate the full engine- 
cooling load. Consequently, there will be cooler 
water and greater heat-dissipation capacity avail- 
able for cooling the converter fluid. 


Stationary-Housing Converter Cooling: Fig. 1 
shows a basic piping arrangement for the cooling 
system recommended for a stationary-housing type 
converter. 

The fluid flow can be produced by the circuit it- 
self if fluid is removed near the outer periphery of 
the circuit and returned near the center as shown. 
The impeller acts as a centrifugal pump. The charg- 
ing pump only maintains a minimum pressure at the 
inlet to the converter circuit to minimize cavitation 
within the circuit. Charging pressure is normally 
60 psi, but it can be higher if necessary. Higher 
charging pressures may be necessary on high-speed 
high-horsepower applications to avoid cavitation. The 
vent line bleeds air which may accumulate at the 
high point of the fluid system. It also returns to the 
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reserve tank the small amount of fluid circulated 
by the charging pump. 

Since cooling flow is produced by a centrifugal 
pump, the amount of flow cannot be determined 
easily. The head or pressure differential set up be- 
tween the inlet and outlet of the converter varies 
approximately as the square of the impeller speed. 
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Fig. 4—Cooling water piping system. 
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Fig. 5—Alternate system for cooling water piping. 
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Fig. 6—Single-pass shell and tube heat exchanger. 
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Excavators and Cranes 


Torque converters can be justified eco- 
nomically in excavators or cranes only if 
they provide improved performance or re- 
duced maintenance costs. An engine can 
deliver more horsepower hours with the 
correct converter drive than with a con- 
ventional clutch drive, because the con- 
verter allows the engine to run at higher 
speeds even though the output shaft may 
be pulled down to stall. 

A conventional mechanical-drive crane 
usually has an engine which is capable of 
supplying sufficient torque to lift its maxi- 
mum load. When it handles lighter loads— 
which it does much of the time—the engine 
works at only a fraction of its capacity. If 
the crane were equipped with a less power- 
ful engine and a torque converter, the con- 
verter would multiply the engine torque 
to handle the maximum loads. The con- 
verter would operate near its power ca- 
pacity and peak efficiency when handling 
the smaller normal loads. 

The engine of a shovel, dragline, clam- 
shell, or magnet crane operates near peck 
power much of the time. Thus, its power 
should not be reduced when a converter 
is used. 

Productivity depends upon the speed of 
engagement of clutches and the time re- 
quired to accelerate the machine to its maxi- 
mum speed. Converters allow more rapid 
clutch engagement. Some of the slip is 
transferred from the clutches to the fluid in 
the converter circuit and the shock of sud- 
den engagements is decreased. Because of 
this smoothness of clutch engagement and 
acceleration, the governed speed of the 
power unit can be as much as 10 per cent 
faster in a converter-equipped machine 
than in a comparable mechanical-drive ma- 
chine. 

During normal operation of the machine, 
it is desirable for the converter to operate 
near the point of peak power output. The 
ratio between the converter output shaft 
and the deck machinery should be selected 
to provide a deck-machinery speed equal to, 
or slightly greater than, the normal deck- 


machinery speed obtained with a mechani- 
cal drive. For a three-stage converter, the 
maximum power output is developed at ap- 
proximately 0.5 speed ratio. In effect, the 
converter serves as a 2:1 reduction gear. 

The ratio selected must satisfy also the 
limitation of specified stall torque at the 
jackshaft. If the stall torque exceeds allow- 
able limits, a ratio with less reduction (or 
a torque limiter) must be selected. The situ- 
ation, in turn, requires a lower governed out- 
put speed of the converter. An output speed 
of 0.4 of engine speed is the practical mini- 
mum. For a three-stage converter, an out- 
put speed of approximately 0.5 of engine 
speed is considered ideal. Since the three- 
stage converter has a broad output curve, a 
variation of rated deck-machinery speed for 
different digging conditions can be obtained 
by resetting the output-shaft governor while 
still maintaining a relatively constant out- 
put. 

A single-stage converter should be op- 
erated at an output-shaft speed of 0.75 to 
0.90 of the engine-governed speed. This ratio 
depends on the performance of the engine- 
converter combination. Here, as with a 
three-stage unit, the governed output-shaft 
speed should be at, or near, the maximum 
output point because this speed usually 
corresponds to the range of peak converter 
efficiency. 





TORQUE CONVERTERS This head will remain virtually the same for a 
given impeller speed regardless of flow in and out 
of the converter. However, flow will be determined 

10.000 Series ‘converter by resistance of the external piping system. 
M, 400 hypothetical) If the charging pressure at the converter inlet is 
~--=(utput-shaft govenor cut-off 60 psi and the discharge pressure at the outlet is 

100 psi, the pressure rise across the converter is 

40 psi. The flow will adjust to balance a 40-psi 

pressure drop through the external circuit. 





Engine speed 


Rotating-Housing Converter Cooling: Fig. 2 shows 
Output a basic piping arrangement of the cooling system for 
torque \ a rotating-housing type converter. 

Output power Flow is provided by a positive-displacement pump, 
because fluid cannot be tapped from the outer pe- 
riphery of the circuit housing. There is little or no 
natural head to produce flow. All of the flow is 
provided by the cooling pump, which is driven by 
the converter-input member. 

The heat exchanger should be located between 
400 800 1200 1600 © the pump and the converter. Charging the heat ex- 
changer at pump discharge pressure (minus pres- 
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Fig. 7—Above—Performance of 
example 100-hp engine and 
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Fig. 8—Right—Performance of 
example 100-hp engine and type 
6 converter with output-shaft 
governor. 
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sure drop through the filter and lines) will help 
keep the heat exchanger free of air. 

In applications in which the converter and the 
transmission draw fluid from a common sump, it 
is desirable to have the heat exchanger between 
the converter outlet and the sump, Fig. 3. This 
arrangement enables the transmission pump to draw 
cooled oil, an important consideration if oil-actuated 
clutches are used in the transmission, With the heat 
exchanger in this position, the fluid pressure into 
it is less than if it were piped in ahead of the con- 
verter circuit. Therefore, lines must be sized ac- 
cordingly. 


10,000 Series converter M@, 200 
———-— Torque limiter action 


Engine speed 


Engine Speed (rpm) 
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Engine torque Piping System: Fig. 4 illustrates one method of 
connecting a converter-fluid heat exchanger into the 
engine-water system. Water for the heat exchanger 
is drawn from the bottom tank of the engine ra- 
diator, after it has been cooled. The heat exchanger 
Output Speed (rpm) must be connected into the main line so that water 
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will flow through the heat exchanger when the 
bypass is open during warm-up. The heat exchanger 
can aid in the engine warm-up process, because the 
water will pick up heat from the converter fluid. 
The heat exchanger should not be piped into the 
bypass line itself. 

The arrangement has one disadvantage. The en- 
gine-cooling system receives the water after it has 
been warmed by the converter fluid. This may not 
be desirable after the engine is up to operating tem- 
perature. Also, the engine water pump must draw 
through the heat exchanger. 

An alternative is illustrated in Fig. 5, The heat 
exchanger is located between the hot-water outlet 
of the engine and the radiator top tank. Here again, 
the heat exchanger must be connected into the 
main line before the bypass line, to assure full 
flow at all times. 

In a single-pass heat exchanger, the high-tem- 
perature converter fluid should enter the same end 
of the heat exchanger as the high-temperature water 
leaves it, Fig. 6. In a multiple-pass heat exchanger 
the connections are not important, so long as the 
water passes through the tubes and the converter 
fluid around the tubes. 


Speed and Torque Limiters 


In some applications automatic regulation of the 
converter output speed over the full-load to no-load 
working range is desirable. This is particularly true 
in excavator applications. Type 1 and type 8 con- 
verters approach this requirement with the relatively 
sharp cut-off of converter output inherent in these 
circuits. However, the three-stage, type 6, or type 
7 converters which are more likely to be used in 
the excavator application require some device to 
provide the desired regulation. 


Output-Shaft Governor: A simple mechanical fly- 
ball type governor can be arranged to reduce fuel 
to the engine at the desired output-shaft speed. 
The output-shaft governor should be mounted as 
close to the engine governor br fuel pump as pos- 
sible to reduce the mechanical linkage to a minimum. 

Fig. 7 shows performance of the hypothetical 100- 
hp engine and the 10,000 series M,-200 converter 
with an output-shaft governor set to cut off engine 
fuel at approximately the point of peak output power. 

There must be some overrun in an output-shaft 
governor, as in most other governors for industrial 
applications. Assuming a 10 per cent overrun, the 
output power goes to zero at 935 rpm, Fig. 7. This 
value is the no-load speed. Even with this 10 per 
cent overrun, regulation of maximum output speed 
is much more positive than if the engine governor 
alone were relied upon to eventually cut off the 
engine power and to reduce output to zero. The 
no-load output speed without the output-shaft gov- 
ernor would be 1450 rpm. 

As output power and torque are cut off, engine 
speed also drops appreciably. The converter passes 
through its entire speed-ratio range from stall to 
race, whether or not it is equipped with an output- 
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shaft governor. Therefore, when no-load output 
speed is reached, the converter speed ratio must be 
the speed ratio at race. The speed ratio at race is 
0.78 for the 10,000 series M,-200 converter. Engine 
speed at no load with the output-shaft governor as 
applied in Fig. 7 is 


Ni = 
_ 935 
~ 0.78 
= 1200 rpm 
Fig. 8 shows a similar application of an output- 
shaft governor on the type 6, 1500 series M,-280 
converter. Output power is cut off at 1400 rpm out- 
put speed, and no-load output speed is 1540 rpm. 


Torque-Limiting Device: The output torque at 
stall with a stationary-housing converter is greater 
than is necessary in some applications. However, 
it is often very desirable to use such converters for 
their broad utility ratio. They can be used if some 
means of limiting the output torque at stall and at 
low output speed is provided. 

Such a torque limiter is available for use with 
the three-stage converter. It senses the pressure 
drop which exists across the first row of stator blades 
at the outer portion of the circuit. This pressure 
differential is smallest at race and greatest at stall. 
A pair of pitot tubes, inserted into the circuit, sense 
the pressure differential, thereby operating a pres- 
sure switch. The switch, in turn, controls a sole- 
noid which is connected to the engine governor to 
reduce speed when torque limiting is required. 

Fig. 9 shows performance of the 100-hp engine 
and the 10,000 series M,-200 converter. If the ap- 
plication requires a maximum output torque of 
1350 lb-ft, the torque limiter can be used to reduce 
the engine speed, and consequently the torque, when 
the output torque reaches 1350 lb-ft. 

If only one pressure switch were used, the limiter 
would tend to “hunt” when the converter is work- 
ing very close to the torque limit. In practice, two 
pressure switches and a relay are used. The switches 
are set to open ai slightly different values of pres- 
sure differential—one at the torque limit and the 
other 5 to 10 per cent below the torque limit. As 
output torque approaches the limit, the switch with 
the lower setting opens. As torque reaches the limit 
the other switch opens and the solenoid is de- 
energized. The engine speed is then reduced to the 
lower speed setting. As output torque decreases and 
drops below the torque limit, the switch with the 
higher setting closes first. As torque drops further, 
the other switch closes and the solenoid is again 
energized, returning the engine to its normal speed. 

It is advisable to arrange the limiter to “fail safe.” 
The solenoid is normally energized to hold the 
engine at the full-throttle governed-speed setting 
when output torque is below the limit. Failure of 
the electrical system causes the engine to go to the 
lower speed setting or torque-limit setting through- 
out the entire speed range. Thus, the operator of 
the equipment would have a definite signal that 
something is wrong. 
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curacy require special thermocouples, tested 
and supplied with correction data for specific 
temperature ranges. However, for standard-accuracy 
applications, Table 1, homemade thermocouples are 
practical, especially for the lower temperature ranges. 


a. ame tae measurements of critical ac- 


Material Selection: The main consideration for se- 
lection of wire and insulation is the temperature 
range to be measured. Table | lists the three types 
of base-metal wire materials for “average” duty. For 
most uses, No. 14 B & S gage wire is suitable. To 
eliminate the need for corrections in the circuit, the 
thermocouple and lead wire are made continuous. 

For use up to 175F, insulation of vinyl plastic, 
Buna S, or neoprene offers excellent resistance to de- 
terioration and moisture. Extruded nylon offers 
similar qualities up to 300 F. For temperatures to 
500 F, a high-temperature flame-resistant and mois- 
ture-resistant silicone-impregnated asbestos insulation 
is recommended. 


Wire Identification: Wires should be purchased in 
matched pairs so that a given combination will have 
limits of error conforming to standard specifications. 
This practice will avoid the possible mismatching of 
thermocouple and lead-wire components (constantan 
wire used with iron is not the same as that used 
with copper). Table 2 shows the color code used to 
identify the various conductors. 


Tips and Techniques 


Making the Thermocouple: The wires are care- 
fully uncoiled to the required length for thermocou- 
ple and lead wire. After stripping back 1!/ in. of 
insulation, the oxide is removed from the wires with 
a fine abrasive paper, and the wires are clamped 
side by side in a soft-jaw vise. The ends of the wires 
are then twisted together (at least three turns). 

The weld is made with an oxyacetylene torch fitted 
with a small tip and adjusted to a carburizing flame. 
No welding rod or solder is used. A commercial flux 
—or a mixture of six parts fluorspar and one part 
borax—is used. The torch is clamped in a vise in a 
horizontal position with the neutral flame adjusted 
to about 4 in. and the white, excess-gas flame, about 
3/, in. 

The twisted thermocouple junction is held as in 
Fig. 1, and slowly rotated until both wires are bright 
red. The end is dipped into the flux, then replaced 
in the flame immediately. The wires must be manipu- 
lated so that both reach their melting points at the 
same time (copper, iron, and alumel have the lower 
melting points in the three basic combinations). 
As soon as both wires melt, the weld is rotated 
in the flame to form a ball at the tip of the 
weld. The remaining flux is removed by dipping 
the weld in water upon completion. The completed 
weld is then inspected for evidence of burning. 

The weld should be made on the first attempt af- 
ter fluxing—continued heating usually results in a 
poor weld. 
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Alignment Charts for 


CALCULATING WEIGHT AND VOLUME 


of round and rectangular solids 


M. E. ARTHUR 

Staff Engineer 

Military Products Div. 

International Business Machines Corp. 
Owego, N. Y. 


ALCULATING weights and volumes of vari- 
ous sizes of stock materials can become boring 
and time-consuming, especially if these calcu- 

lations are needed frequently during the course of 
work. To simplify this task, two alignment charts 
are presented here, one for round-stock calculations 
and the other for rectangular-stock calculations, 

The nomograms are based on the equations for 
determining weights and volumes of solids. For round 
stock, 


W=Vp 
a d*l 


4 pP 


where V = volume, cu in.; d = diameter, in.; | = 
length, in.; W = weight, lb; and p = density, lb 
per cu in. 

For rectangular stock, 

W=Vp 
= bhlip 
where b = width, in. and h = thickness, in. 

These simple equations contain four or more vari- 
ables. The simplest parallel-scale nomogram can re- 
late three variables by three scales. More variables 
introduce “turning” scales. 

A unique feature of the nomograms presented here 
is that four variables are related without need for a 
turning scale. The trick is possible by the use of a 
straight edge and right triangle, instead of a straight 
edge alone. Thus, four variables can be “held” at 
once during the calculation. 


Round-Stock Example: What is the weight of a 
2.5-in. length of 1.25-in. round steel stock? 
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So.uTion: The chart for round-stock calculations 
is shown in Fig. 1. Place a straight edge along the 
line determined by d = 1.25 in. and / = 2.5 in. 
Then, slide a right triangle along the straight edge 
to the point where the perpendicular crosses the 
density scale for p (steel) = 0.28 lb per cu in. On 
the weight scale read W = 0.86 |b. 

Quantities beyond the range noted on the scales 
can be determined by shifting decimal points. For 
example, if / = 25 in., the procedure is the same, 
but the answer would be multiplicd by 10, and W 
= 86 lb. OF course, a diameter shift of 10 would 
need to be corrected by 100. 

Volume can be found by using unity density and 
reading the answer on the pound scale. Since unity 
density is at the far right on the density scale, many 
calculations will run off scale. Therefore, a density 
of 0.1 unity can be used. The result need only be 
multiplied by 10 to give the correct volume. 


Rectangular Stock Example: What is the weight 
of an aluminum bar 0.5 in. thick, 4 in. wide, and 1 
in. long? 

SotuTion: The chart for rectangular-stock calcu- 
lations is shown in Fig. 2. Initially, the procedure 
is similar to that for round stock. But since this 
problem contains one more variable than that for 
round stock, one turning scale is employed. 

Place a straight edge along the line determined 
by h = 0.5 in. and b = 4 in. Then, slide a triangle 
along the straight edge until the perpendicular cross- 
es the point where / = | in. on the length scale. 
On the volume scale, read V = 2 cu in. By straight 
edge, connect V = 2 cu in. and p (aluminum) = 
0.098 Ib per cu in., and read W = 0.2 lb on the 
weight scale. 
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Fig. 1i—Nomogram for determining 
weight and volume of round stock. 
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Fig. 2—Nomogram for determining 
weight and volume of rectangular stock. 
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“Aunouncing 2 NEW SERIES OF 
ORANGE ce 7qve NEEDLE BEARINGS 


for applications requiring maximum radial capacity 














These two new series of needle bearings fill a much- 
needed place in bearing design for heavy duty service. 
Both series have relieved-end rollers to minimize high 
stress concentrations and fatigue at the corners. The 
rollers are of the square end type for maximum effec- 
tive roller length. Each roller is retained in pockets of 
tubular steel cages to maintain alignment while 
running. Write for engineering specifications. 





A i: 
MC Series meets MW IM) Ht 


eee wn 
ments in Die Spin- 

The MC Series is interchangeable dimen- dies of New Landis ES Fa 
sionally with standard needle bearings, LAN-NU-ROL Thread : 
but uses larger diameter and longer rollers Rolling and Forming 
for increased load capacity. It provides an . 
extremely compact, high-load, even-run- 
ning bearing for heavy duty service. Sizes 
now in production for 2" to 2” shaft 
diameters. 









































Faced with limited space and -un- 
usually high pressures on its roller 
die spindles, Landis Machine Com- 
pany found the answer by installing 
two MC Orange Cage Type Needle 
Bearings on each of the 12” dia. 
main spindle shafts. Nominal load on 
each bearing is 12,500 Ibs., or 25,000 
Ibs. per spindle. During rolling, a 
maximum pressure point may build 
momentary load to 50,000 Ibs. per 
spindle. 


This is an entirely new series of bearings made in inch sizes di- 
cylindrical roller bearings. The HS Series is heavier-sectioned 
than the MC Series and provides higher load capacity for appli- 
cations where space is available. Sizes now in production for 
1" to 2” shaft diameters. Additional sizes under development. 


ORANGE ROLLER BEARING CO., Inc. foam 


| rel: v-Vite e ; 556 Main Street, Orange, N. J. ( ay ; 


Needle Bearings — Staggered Roller Bearings 


i~{e) @ @ R BEARI N GS Journal Roller Bearings — Thrust Roller Bearings QZ 
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New developments in 


Metals-Joining Processes 


HE metals - joining field has 

undergone many changes in 
the past few years with the in- 
troduction of numerous new weld- 
ing processes and the modification 
of many existing processes. The pur- 
pose of this paper is to review some 
of these developments and to show 
the applications and limitations of 
each new process. An attempt is 
made to cover any improvement or 
entirely different process that has 
been introduced to general use since 
1956. 


Fusion Processes 


Recently developed fusion weld- 
ing processes involve actual melt- 
ing of the components which com- 
prise the weldment. 


Electroslag Welding: This unique 
process is particularly suitable for 
heavy sections. Maximum reported 
section thickness is 40 in. Welding 
with the electroslag process is done 
with the joint positioned vertically, 
Fig. 1. Welding is started at the 
bottom of the joint and progresses 
upwards. 

Principal advantages of the proc- 
ess are: No joint preparation is 
required, thick steel can be welded 
economically, and heavy equipment 
can be constructed from small 
wrought shapes, castings, or forgings. 
Disadvantages are: Hot-cracking, 
notch sensitivity in the heat-affected 
zone, and difficulty in closing cylin- 
drical welds. 


Short-Arc and Dip-Arc Welding: 
Two new arc-welding processes are 
Linde’s “short arc” and Airco’s “dip 


June 9, 1960 


P. J. RIEPPEL 
Battelle Memorial Institute 
Columbus, Ohio 


arc.” A description that covers both 
processes would be “low-current, 
gas-shielded, consumable fine-wire- 
electrode welding.” 

These processes differ from other 
arc-welding processes in that the 
welding wire short-circuits during 
part of the cycle. A controlled num- 
ber of short-circuit cycles occur per 
second. Due to the cycling and 
method of transfer, the weld pool 
remains small and the welding wire 
is not superheated. A mixture of 
CO, and argon for low-alloy steel 
welding is suggested for both proc- 
esses. Wire size, gas mixture, dy- 
namic response, and other variables 
are about the same for both. 

Advantages of these processes are: 


+— Electrode 
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1. Skill requirements are lower than 
those required for stick-type manual 
welding (flat or out-of-position). 

2. Current or heat input is low. 

3. Thin sheets can be manually welded 
with semiautomatic equipment. 

. Poor fitup joints can easily be welded. 

. Spatter loss is low. 

. Distortion is low. 

. Little or no postweld clean-up is re- 
quired. 

. Deposition rates are high in out-of- 
position welding and at fast travel. 


Limitations are: 


1. Small-diameter wire must be used. 

2. Penetration and heat input are 
limited. 

3. Deposition rate is low for flat-posi- 
tion welding. 


4. Generally available drooping-type 
power source cannot be used. 


5. Cold starts are inherent. 


(Please turn to 


page 190) 


.«-—— Cooling . plate 


Fig. 1—Elements of 


the clectroslag process 
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Fig. 2—Arrangement of electron-beam focusing components. 


Many materials which have been 
welded by the tungsten-inert-gas 
process can be welded faster by 
these processes. Other materials, 
such as _ precipitation-hardening 
stainless steels and age-hardenable 
nickel-base alloys, are logical ap- 
plications for these processes because 
of the low heat-input characteristics. 


Electron - Beam Welding: This 
process is one of the newest to be- 
come commercially feasible. Parts 
to be joined are bombarded by a 
stream of high-energy electrons in 
a vacuum. By concentrating the 
beam on a small area, sufficient 
heat is generated to fuse the edges 
of the workpiece and to permit weld- 
ing to take place. 

Either electrostatic or electromag- 
netic focusing may be used, Fig. 2 
and 3. In electrostatic focusing, the 
electrons are emitted through a small 
hole in a plate. Due to electrical 
lines of force around the hole, the 
stream of electrons is focused into 
a narrow beam as it passes through 


at 


Electron 


Piece being ———.J | | | 
welded lig sc 


To -_> 
vacuum pump 





be—— Window 


—~— Rotating magazine of 


the hole. The electromagnetic focus- 
ing system employs a series of mag- 
netic lenses to concentrate the beam. 
Although electrostatic focusing is 
simpler, electromagnetic focusing re- 
sults in a narrower beam and thus 
a higher concentration of energy. 
Beam diameters may be 1% to 0.01 
in. 

The use of deflection circuits, sim- 
ilar to those in a television picture 
tube, makes it possible to move 
the beam in any desired manner. 
Thus, it is possible to make short 
welds without moving the work- 
piece. 

Focusing the electron beam re- 
sults in deep penetration and a 
narrow fusion zone. Single-pass 
welds can be made in materials up 
to 3/4 in. thick. Depth-to-width ratio 
of the weld joint may be as high 
as 20 to 1. Electrostatic focusing 
produces relatively wide and shallow 
joints. Material with thicknesses 
down to 0.005 in. has been welded 
successfully. 

The range of metals that have 


Loading and 
unloading port 














Uy 


pieces to be welded 


Vacuum chamber 


been welded includes stainless and 
ultra-high-strength steels, and the 
refractory metals such as tungsten 
and molybdenum. Limitations on 
materials that can be welded are re- 
lated primarily to gas evolution. 

Improvements in the welder itself 
are continually being made. In ad- 
dition, much effort is being directed 
toward the automation of the proc- 
ess. Techniques for programming of 
operations by means of magnetic 
tape are nearly perfected. 


Arc-Spot Welding: The following 
arc-spot welding processes have been 
developed, and equipment for each 
process is available commercially: 


1. Inert-gas-shielded tungsten-arc spot 
welding. 

2. Inert-gas-shielded tungsten-arc spot 
welding with auxiliary wire feed. 


. Inert - gas - shielded metal-arc spot 
welding. 
4. COs-shielded metal-arc spot welding. 


All four arc-spot-welding methods 
are used principally as a substitute 
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Fig. 4—Arrangement of roller electrodes, foil guide, and 
workpieces in foil-seam welding. 


ig. 3—Production electron-beam chamber. 
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=> Joy Design Means: 


HIGHEST OUTPUT PER POUND OF FAN 


Joy aircraft and electric fans are designed to provide maximum CFM per 
pound of fan. The inherent high efficiency of the basic vaneaxial design, with 
the motor mounted inside the fan, has made Joy fans standard wherever 
weight or size is a critical consideration. 

Joy fans meet Mil Specs, and have been accepted for both airborne and 
ground installations. RCA, Boeing, Douglas, Goodyear, Motorola, Lockheed, 
and Raytheon are just a few of the firms incorporating Joy fans in their products. 

Over 340 standard models are available, and custom design can be supplied 
to meet your special requirements. For complete information on how compact, 
efficient Joy fans can solve your design problems, write for Bulletin 927-64B. 


AIR MOVING EQUIPMENT FOR ALL INDUSTRY 








b Conveyors Fans and 
Dust Collectors Compressors and Idlers Blowers 
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This typical Joy fan 
produces 50 CFM at 2” 
W.G. pressure, yet it 
weighs only 1.2 pounds. 


Joy Manufacturing Company 
Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
(Canada) Limited, Galt, Ontario 
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for mechanical fasteners or resist- 
ance-spot welding, A common type 
of joint that can be arc-spot welded 
is one between two flat sheets or 
beiween a flat sheet and small, 
formed, structural members. The 
tungsten-arc process requires tight 
joint fitup to produce strong welds 
consistently, but fitup is not critical 
with the other three processes that 
add filler metal to the weld. The 
inert-gas-shielded tungsten-are proc- 
ess is restricted to joining parts only 
up to 4% in. thick. Good welds can 
be made between sheets of 1100 
aluminum alloy up to sheet thick- 
ness of 0.1 in. 

Arc-spot welding processes make 
localized fusion welds by holding an 
arc in fixed relationship with the 
work for a period of 1/10 to 6 sec. 
The arc produces a tapered fused 
area that must penetrate completely 
through the upper part. Penetration 
of the fused zone into the lower part 
may vary up to 100 per cent of the 
thickness. 

Arc-spot welds can be made with 
access to only one side of the work, 
whereas resistance-spot welding nor- 
mally requires access to both sides. 
Because filler metal is added to the 
weld in three of the arc-spot weld- 
ing processes, these processes can be 
used to weld parts that do not have 
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Fig. 5—Basic 
arrangements in 
_ ultrasonic welding. 


good fitup. Arc-spot welding equip- 
ment also can be used for making 
tack welds. 

Economical and technical factors 
may prevent the use of arc-spot 
welding in certain applications, Arc- 
spot welds cannot be tempered as 
a part of the process in the same 
way the resistance-spot welds are 
tempered. Tungsten-arc spot weld- 
ing leaves an irregular surface, and 
the other three arc-spot welding 
processes that add filler metal to the 
weld cause metal buildup or a but- 
ton at the weld. 


Resistance Welding 


Resistance-welding processes de- 
pend on resistance heating effects 
in the parts being joined. New de- 
velopments include several new proc- 
esses and improved controls for exist- 
ing equipment. 


High-Frequency Welding: This 
process is particularly useful for 
high-speed production of tubing. 
The depth of heating usually is very 
shallow and molten metal is 
squeezed from the weld. Very high 
welding speeds can be obtained; for 
example, 100 to 500 fpm in 0.081 
and 0.010 in, thicknesses in alumi- 
num and steel. Dissimilar metal 


combinations also can be welded. 
Thickness range is 0.004 to 0.125 
in. The best use of the process is in 
applications where continuous runs 
can be made. 


Foil-Seam Welding: The foil-butt 
seam-welding process is similar to 
conventional seam welding except 
that a thin, narrow strip of metal 
is introduced between the parent 
metal and one or both of the weld- 
ing electrodes, Fig. 4. The strip 
usually is 0.010 in. thick and 1% 
to 5/32 in. wide. 

Advantages of foil-butt seam-weld- 
ing include: Strong leakproof joints, 
minimum joint thickness, good ap- 
pearance, ease of finishing, high 
welding speed, and little deforma- 
tion of parts. 


Magnetic-Force Welding: With 
this process, the welding force is 
created by an electromagnetic in- 
stead of by conventional hydraulic 
or pneumatic cylinders. One advan- 
tage of this method of force appli- 
cation is that more heat is generat- 
ed by a given current because of 
the higher contact resistance that 
accompanies low electrode force. The 
resulting heat is concentrated near 
the weld faying plane and permits 
welding vinyl-coated steels and other 
prefinished material with no damage 
to the finish. The process also has 
been used to make large area welds 
with shallow heat penetration. 


High-Temperature Brazing 


One of the more important ad- 
vances in the joining field in re 
cent years is the use of brazing 
techniques to join assemblies for 
high-temperature service above 
1200 F. In many instances, brazing 
has proved to be the most acceptable 
joining procedure because of the 
type of material being joined, the 
joint configuration, or the thick- 
ness of metal involved in the joint. 
The heat-treating cycle of high-tem- 
perature alloys requires the use of 
brazing alloys which permit brazing 
to be done simultaneously with heat- 
treatment, or do not interfere with 
heat-treatment. 


Heavy Sections: Many high-tem- 
perature brazing alloys are available 
for joining relatively thick materi- 
als. Among the more common alloys 
used for brazing are the Ni-Cr-Si-B 
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Specify the 


“WB Spacomaker 


for longer, more efficient cylinder service 


With Extras .. . At No Extra Cost 


METAL PISTON ROD SCRAPER—pro- 
tects rod packing, cylinder bore 
and rod surface by removing all 
foreign particles. 


NEW “SUPER” CUSHION for air or 


ee sae ee ee You too—can reduce replacement expenditures 


CUSHION for oil. 


-HARD CHROME PLATED CYLINDER 
BORES AND PISTON RODs for greater 
protection and reduced wear. 


ONE PIECE PISTON assures better 
alignment, longer bearing and pack- 
ing life. 


FORGED SOLID STEEL HEADS through- 
out entire line. 


PILOTED PACKING GLAND with extra 
long bearing for additional strength 
and support to piston rod. 


NO TIE-RODS TO STRETCH—gives 
you 360° port rotation . . . less 
space used .. . full strength. 


STREAMLINED DESIGN . . . operating 
pressures to 200 PSI, air; 1,000 
PSI oil, non-shock. 
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—lower maintenance costs with the T-J Space- 
maker cylinder line. Designed and engineered 
for ruggedness, and accuracy of operation, the 
Spacemaker assures longer, uninterrupted 
operation. 


The T-J Spacemaker eliminates tie-rods, gives 
greater strength, saves space...and reduces 
costs in all push-pull operations. Immediate de- 
livery in a complete range of styles and capac- 
ities ...air or oil. Write for Bulletin SM 155-4, 
today. The Tomkins-Johnson Company, Jackson, 
Michigan. 


T-J 
“TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDERS . CUTTERS  CLINCHORS 
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Precision permanent magnet 


reversible motors...gearheads, 
blowers, and right-angle 
drives...for airborne and 


industrial applications 


THE MARK OF QUALITY 


BARBER 
COLMAN 


VOLTAGES FROM 6 V d-c T0 115 V d-c 


WITHSTAND AIRCRAFT AND 
MISSILE AMBIENTS 


STABILIZED MAGNETS...UNDAMAGED 
BY INSTANTANEOUS REVERSALS 


SMOOTH RUNNING...LOW 
COGGING AND RIPPLE 


d-c small motors 


Barber-Colman offers a large selection 
of compact, high-quality d-c motors 
with outputs up to 1/10 hp. Compact 
design .. . 114” to 114” diameters, 
Various mountings and speeds .. . 
several sizes and styles of gearheads 
and blowers. Integral radio noise 
filters, magnetic brakes, and gover- 


nors available for most basic designs. | 


Right-angle drives and multiple-shaft 


outputs also available for special | 


applications, 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman electrical | 
components. Includes detailed specifications on | 


a-c and d-c motors, tach generators, blowers, gear- 
heads, relays, 


BARBER-COLMAN COMPANY 
Dept. F, 1873 Rock Street, Rockford, Illinois 
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alloys, the Ni-Cr-Si alloys, and the 
Ni-Si-B alloys. Most of these alloys 
melt at temperatures near 2000 F 
and can be used in a hydrogen at- 
mosphere. They produce joints with 
excellent high-temperature proper- 
ties in many of the available base 
metals, 


Thin Sections: Many high-tem- 
perature brazing applications involve 
the joining of thin metal sections 


| 0.100 in. thick and less. Choice of 


brazing alloy and brazing technique 


is limited severely because reaction 


between the base metal and the 
brazing alloy must be minimized. 

Special heating techniques have 
been devised to provide very short 
brazing cycles to minimize distortion 
of the finished panel. Among these 
are the use of radiant-gas heating, 
induction heating, and quartz-lamp 
radiant heating. 


Special Techniques: Cermets are 
used frequently for high-tempera- 
tures service, and it is usually neces- 
sary to join the cermet to a metallic 
section. Cermets are cemented hard 
metals and oxides, and generally 


| contain oxides, carbides, and borides 
| of various metals. Because of their 


composition, cermets are not readily 
wet by most brazing alloys. In ad- 


| dition, the coefficients of thermal 
| expansion of metals and cermets 
| vary considerably, and cracking in 


the joint may occur. It is sometimes 
necessary to provide a transition 
layer of an additional metal to re- 
duce the thermal coefficient gradi- 
ent. 


Future Developments: Research is 
being conducted on a wide scale 
to develop new and improved alloys 
for joining purposes. Much of this 
work is concentrated in areas where 
thin sections must be joined. The 
goal of such programs is the devel- 
opment of brazing alloys with the 
requisite high-temperature proper- 
ties, but without the tendency to 
react with the base metals. 


Solid-State Processes 


Difficulties in stating how a bond 
is made or what constitutes a good 
joint have hindered the application 
of solid-state processes. Despite these 
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hindrances, important developments 
have been made in processes that 
probably involve solid-state bond- 
ing. These processes are: Ultrasonic 


welding, friction welding, diffusion | 


bonding, and explosive welding. 


Ultrasonic Welding: In ultrasonic | 
welding, the surfaces to be joined 
are made to slide in contact under | 


_ projectors, fans, office machines 


a compressive force, Fig. 5. The 
force assures intimate contact by 
removing oxide layers and surface 
peaks. Clamping forces are supplied 
by hydraulic or pneumatic cylin- 
ders or an electromagnet. The work 
done in sliding heats the interface 
to a point where the metals will 
interact and join. Advantages of ul- 
trasonic welding are: 


. Very thin-gage materials can be 


welded. 

2. Surface preparation is not critical. 

. Minimum surface deformation is ob- 
tained. 

. No contamination occurs from gases 
and arcs. 

5. Thin sections can be welded to thick 
sections, 

. Dissimilar metals can be joined. 

. Melted or heat-affected zone is mini- 
mized. 


Disadvantages are: 


. Heavy-gage material is not weldable. 

. Materials being welded tend to weld 
to the coupling and anvil. 

. Equipment life is short due to fa- 
tigue. 

. Very ductile materials will yield un- 
der ultrasonic strain without sliding. 

. Hard materials will fatigue under 
the stresses necessary for welding. 


Studies so far have given limited 
information about the possible uses 
of ultrasonic welding. However, it 
is known that butt, seam, and spot 
welds can be made in thin-gage 
sheets of moderately ductile materi- 
als such as mild steel, iron, alumi- 
num, copper, and gold. In addition, 
it is known that thin sheets of plas- 
tics can be joined by ultrasonic 
welding. 


Friction Welding: In this tech- 
nique, welding is accomplished by 
rotating one piece under pressure 
against the other piece which is 
held stationary. After sufficient heat 
for welding is generated by friction, 
rotation is stopped and the clamp- 
ing force between the two pieces is 
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precision-made, low-cost small 


THE MARK OF QUALITY 


BARBER 
COLMAN 


LOW NOISE LEVEL 
LONG-LIFE ALIGNABLE BEARINGS 


LARGE OIL RESERVOIRS... 
AUXILIARY OIL CUPS AVAILABLE 
TO QUADRUPLE CAPACITY 


VARIETY OF MOUNTING ARRANGEMENTS 
STACK THICKNESSES: 9/16” and 15/16” 
SHAFT DIAMETERS: 1/8” and 5/32” 


motors (up to 1/150 hp) for 
appliances, vending machines, 


a-c small motors 


Ideal for driving fans, blowers, and gear 
trains, this high-quality motor is built to 
give long, trouble-free service. You'll 
find it an outstanding general-purpose 
motor featuring small physical size com- 
bined with high starting torque. And the 
price is right . . . to bring extra economies 
to your product .. . as well as an extra 
measure of dependability. Next time 
you need a motor in this size and power 
range, look at this one carefully . . 
it will pay you well. 
WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman a-c small 
motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 
. open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


BARBER-COLMAN COMPANY 
Dept. F, 1273 Rock Street, Rockford, Illinois 
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increased, welding the two pieces 
together. 

Advantages of friction welding in- 
clude simplicity of operation and 
low-power requirements. For a high- 
production application, friction weld- 
ing is ideally suited for automation. 
Further, surface cleanliness presents 
no problem. Various surface impuri- 
ties and oxide films are broken up 
and thrown off during the friction- 
heating process. 

Friction welding has been applied 
generally to the joining of small 
pieces, such as pieces of bar stock. 
It may be used for the welding of 
pipe and pipe flanges to flat sheets. 


Diffusion Bonding: As _ treated 
here, diffusion bonding is a joining 
technique in which coalescence of 
closely fitting parts is obtained by 
applying pressure. Heat is usually 
applied with pressure, but is not 
always necessary. The effect of heat 
is to increase the rate of diffusion 
and to decrease the time required 
to make a joint. The effect of pres- 
sure is to reduce surface roughness 


and to promote closeness of fit. 

Diffusion bonding can be used 
without significantly changing the 
physical properties of the base met- 
als. Other advantages are: 


. Formation of embrittling compounds 
can be controlled and minimized, 

. Scrap losses can be kept low. 

. Joining and heat-treatment can some- 
times be accomplished in one opera- 
tion. 

. Need for added filler metals can he 
either eliminated or their use miti- 
gated by diffusion. 


There are three common joint sys- 
tems for diffusion bonding: Metal- 
to-metal without intermediate mate- 
rials, metal-to-metal with interme- 
diate materials, and metal-to-ceram- 
ic materials. Intermediate materials, 
properly chosen, permit lower tem- 
perature bonding, give better con- 
trol of the formation of detrimental 
intermetallics, can increase bonding 
rate, and, when plated on the base 
metals, eliminate problems associat- 
ed with base-metal composition. 


Explosive Welding: Recent devel- 
opments using explosives for join- 
ing and cutting of metals are prom- 


ising for the future. However, the 
process is still in its iufancy. Several 
fabricators have used explosives to 
join similar and dissimilar metals. 
Both fusion and nonfusion methods 
have been reported. From these data, 
it seems that different metals or dif- 
ferent groups of metals require vari- 
ations in technique. 


SAE Paper No. 160 B, “Applications and 
Limitations of New Development in Met- 
als Joining Processes,” presented at the 


SAE National Aeronautic Meeting, New 
York, April, 1960, 18 pp. 





electrical 


Comparison of Electrical 

Power-Conversion Devices 

Lt. Comdr. Frank W. Anders, U. S. 

Navy Bureau of Ships 
A simple method of assessing cur- 
rent laboratory techniques of energy 
conversion. The method emphasizes 
the comparative merits of the various 
technologies without including a 
large mass of detailed engineering 
data. Represented in the method 
are most of the energy conversion 
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OIL TIGHT PUSH BUTTONS 
and Pilot Devices 


) HART 


amore complete line of 


New Units added to the A-H line 


¢ Push to Test Pilot Light 

e Lighted Pusi: Button 

e Cylinder Lock Push Buttons 

e Cylinder Lock Selector Switches 


Plus an A-H Exclusive => 
Rugged Construction 


Dependable Operation 
Heavy Duty Push Button Ratings 





ideas which will be investigated dur- 
ing the next decade. Energy conver- 
sion devices such as fuel cells, bat- 
teries, turbines, and other conven- 
tional devices are included. Param- 
eters for comparisons include C 
(Cost/kwh, V  (Volume/kwh), 
and W (Weight/kwh). A new en- 
ergy conversion device must either 
equal or better the state of the art 
described in terms of one or more 
of these three parameters. If a re- 
quirement does not presently exist 
for a new device, having a lower C, 
V or W, past experience has shown 
there will be one coming along. 
SAE Paper No. 159A, presented at the 


SAE National Aeronautic Meeting, New 
York, April, 1960, 2 pp. 


bearings 


Power Loss in Bearings 

Due to Cavitation 

Leif Floberg, Chalmers University of 

Technology, Gothenburg, Sweden 
Agreement between theory and 
physical experiments for power-loss 
determination in journal bearings. 
When power loss in a bearing is 


calculated, the problem is how to 
determine the loss for the cavita- 
tion region. There are both oil and 
air strips in this region. Due to 
the low viscosity of air, the air strips 
give negligible power loss. There- 
fore, the extension of the oil strips 
in the cavitation region must be ac- 
curately considered. In this paper, 
these conditions are rigorously fol- 
lowed, and the tests show good 
agreement with theory. 
“Experimental Investigation of Power 
Loss in Journal Bearings, Considering Cavi- 
tation,” Transactions of Chalmers Univer- 


sity of Technology. Gothenburg, Sweden, 
No. 215, 1959, 16 pp. 


fechniques 


Techniques for 
Parts Handling 


Robert H. Bonner, application engineer, 

Radio Corp. of America 
Design features and selection of 
parts feeders. Basically, parts feed- 
ers can be broken down into two 
groups: Bulk feeders and orienta- 
tion-type feeders. Bulk feeders dis- 
charge parts at a controlled rate to 
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bulk-processing operations. Volu- 
metric accumulators can be incor- 
porated to release given volumes of 
bulk parts in accordance with elec- 
trical signals. 

Orientation-type feeders store a 
certain volume of parts in bulk, and 
select and discharge them in a single 
row, all oriented the same way. 
There are several types of these 
feeders: Orienting belt, rotary, vi- 
bratory, non-mar, and stack. The 
orienting belt type is most suitable 
for feeding relatively simple parts of 
medium size (no dimension smaller 
than 1% in. or larger than 3 or 4 
in.). 

Rotary hopper types are available 
with bowl diameters from 6 to 36 
in. These hoppers are suitable for 
handling part sizes up to 2 in. They 
are capable of high rates of feed and 
will orient more complicated shapes 
than orienting belt type hoppers. 
One type of rotary hopper accom- 
plishes orientation by using a ma- 
chined selector ring. Other types 
perform part orientation on their 
discharge tracks. 
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TURN-TO-TEST 
LIGHTED PUSH BUTTON 


Advantages of Push-to-Test Pilot Light 
and Lighted Push Button in One Unit! 


e More Economical Than 2 Units 
e Control Circuit Not Energized When 


Lamp is Tested 


FOR COMPLETE INFORMATION ... write today for your free copy of the 
Arrow-Hart circular data on these A-H Oil Tight Units and Stations and also on 
our Standard Duty and Heavy Duty Push Button Lines. The Arrow-Hart & Hege- 
man Electric Company, Dept. MD, 103 Hawthorn Street, Hartford 6, Connecticut. 


© Saves Mounting Space 
® Saves Installation Time 


ARROW HART 
Aust since (890 


APPLIANCE SWITCHES «+ 


© Same Mounting as Other 
Oil Tight Units 


ae * ee MOTOR CONTROLS + ENCLOSED SWITCHES 
Circle 515 on Page 19 
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electro-permanent magnetic 


HI-VI 
VIBRATORY 
FEEDER 


All-new award-winning feeder built on new 
concepts of design and materials. Provides 
accurate, controlled feed of bulk materials 
automatically. Variable feed rate, from ounces 
to tons. For ‘spreading, sorting, aerating, cool- 
ing, proportioning, etc. Feeds all types of bulk 
materials. Increases production; reduces oper- 
ating and maintenance cost. 
NEW A.C. ELECTRO-PERMANENT MAGNETIC DRIVE 
PROVIDES GREATER FEEDING CAPACITY « NO RECTI- 
FIER NEEDED « FULLY ENCLOSED POWER ELEMENT 
PROTECTED AGAINST DUST AND MOISTURE « RUGGED 
‘GLASS FIBER SPRINGS REDUCE BREAKAGE e FULLY 
PROVED IN PLANTS EVERYWHERE. 
ALSO AVAILABLE: Economical, specially construc- 
ted units for hazardous, dusty locations ... fully 
acceptable by Mill Mutual. 
WRITE FOR BIG VIBRATORY FACT FILE 
Eriez Mfg. Co., 131-FB Magnet Dr., Erie, Pa. 
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Vibratory hoppers are supplied in 
a range of bowl diameters from 6 
to 36 in. They have the ability to 
orient and feed parts with compli- 
cated shapes reliably and without 
jamming. The vibratory action 
causes the parts to flow up a special 
track. 

The non-mar hopper has a unique 
arrangement of conveyor belts to 
store and orient many types of rela- 
tively simple parts without marring 
or breaking them. 

Stack hoppers are used primarily 
to feed rods ranging in size from 
14 to | in. in diameter and from 
4 to 24 in. in length. The hopper is 
essentially a storage box with an 
agitator which causes the parts to 
roll out the bottom in a single row. 
A pusher can be incorporated to dis- 
charge one part at a time when 
energized by an electrical signal. 

“Techniques for Parts Handling,’ pre- 
sented at the Fourth Conference on Manu- 
facturing Automation, Purdue University, 


April, 1960, pp. 56 to 60, collected con- 
ference papers. 


materials 


Effect of Silicon on 

Corrosive Wear in Cast Iron 

R. Graham, O. S. Prado, M. H. Collins, 

E. A. Brandes, and H. K. Farmery. 
Determination of optimum silicon 
content in cast iron subject to cor- 
rosive wear. Prevention of wear is 
primarily a matter of lubrication al- 
though materials and their metal- 
lurgical structure can also be im- 
portant. This is true especially 
where operating conditions are se- 
vere and where boundary lubrica- 
tion obtains over a significant part 
of the operating cycle. A grey iron 
is generally recommended for this 
purpose. In practice, the desired 
properties are most readily obtained 
with a silicon content between | 
and 3 per cent. 

In a corrosive environment, metal 
may be lost through corrosive wear. 
It is well known that high-silicon 
irons have good resistance against 
corrosion. It seems to have been 
assumed that the silicon content of 
a cast iron toward the upper end of 
the 1-3 per cent range provides op- 
timum resistance to abrasion and 
corrosive wear. This paper presents 
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SHORTER 
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MAGNETIC 
CONVEYING SYSTEMS 


permanent non-electric 


ERIUM-POWERED” 


At this Westinghouse plant in Athens, Ga., cold rolled 
sheets are picked up by Eriez lifting magnets, and 
raised against Eriez Magna-Rolls which in turn feed 
them to a conveyor. This procedure eliminated a 
manual operation, and assures unvarying accuracy as 
well as dependable automated performance. 

Get peak production with peak conveyor 
speeds. Powerful MAGNAMATION compo- 
nents positively hold, control, elevate, change 
direction flow of ferrous materials ranging 
from small parts to large sheets. Increase pro- 
duction ... reduce production costs! For use 
both with and without belts on many types of 
conveying lines. 

Completely non-electric ® Easily installed 
on new or existing equipment ® Low initial 
cost © No operating or maintenance costs ® 
Various widths, strengths and contours to 
meet specific needs. 

We work closely with design engineers, 
OEMs, etc. Contact us for assistance. 
*Erium—an exclusive, high quality permanent 
magnetic power source specifically designed 
and energized by Eriez. 

Send for free 56-page booklet 
“Magnetic Ideas for Automation.” 
Eriez Mfg. Co., 131-FA, Magnet Drive, Erie, Pa. 
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evidence that cast irons with a sili- 
con content of 2 to 2!4 per cent 
have the least resistance to corro- 
sion by acids, and that a reduction 
of the silicon content to about 1 
per cent can improve the corrosion 
resistance several fold. 

Paper No. 30/59, “Influence of the Sili- 
con in Cast Iron on Corrosive Wear,” pre- 


pared for The Institution of Mechanical 
Engineers (Great Britain), 10 pp. 


lubrication 


Bearing-Lubricant Systems 

For High-Temperature Service 

William J]. Anderson and Edmond E. 

Bisson, Lewis Research Center, NASA, 

Cleveland 
Approaches to the problems of high- 
temperature bearing lubrication. 
These involve various types of lubri- 
cants as well as different lubrica- 
tion techniques. 

Based on results of limited re- 
search programs, the following bear- 
ing-lubricant systems appear to be 
the most promising for high-tem- 
perature applications (no order of 
priority is implied): 

1. Gas-lubricated hydrodynamic and hy- 

drostatic bearings. 

. Liquid-metal-lubricated hydrodynamic 
and hydrostatic bearings. 

. Organic-liquid-lubricated _ rolling-ele- 
ment bearings with a “once-through” 
system. 

. Organic-vapor-lubricated _ rolling-ele- 
ment bearings. 

5. Dry-powder-lubricated rolling-element 

bearings. 

. Reactive - gas - lubricated rolling - ele- 
ment bearings. 

. Self-lubricated rolling-element bear- 
ings. 

SAE Paper No. 176D, “NASA Research 
on the High-Temperature Bearing Prob- 
lem,” presented at the SAE National Aero- 
nautic Meeting, New York, April, 1960, 12 
pp. 


Lubrication of a Cylinder 
Rolling on a Plane Surface 


Leif Floberg, Chalmers University of 
Technology, Gothenburg, Sweden 


At a contact area such as that be- 
tween a cylinder and a plane sur- 
face, there must always be a cavita- 


14 WAYS THE S0QICGO0NIGS WAN HAS HELPED 


AMERICA’S MOBILE MILLIONS 


Silicones are now used to improve the quality, durability and 
operation of many of today’s automobile parts. They also aid 
in many of the production processes. <>) Tires slip easily 
from intricate molds coated with silicone release agents. So do 
rubber floor mats and radiator hose. Silicones are used in making 
shell molds for — ie mt crankshafts, camshafts, 
and valves. Damped with silicone fluid, dashboard a) 
instrument needles stay steady over bumps. Silicone rubber 
sparkplug boots resist water, ozone, high heat for tens of thou- 
sands of miles longer. Fat Electrically conductive silicone 
rubber ignition wire cores can reduce car radio interference. 
Silicone fluids save power by cutting out the radiator fan at 
high speeds. | The actual foaming of polyether cushion- 
ing used in seats, arm rests and crash pads is closely controlled by 
silicone surfactants. Curiously, silicones also prevent foaming of 
rubber latex used for carpet backing. Beneath many cars, silicone 
rubber gaskets seal in hot transmission fluids, and prevent leak- 
age of oil from differentials. Outside your car, silicones are the 
leveling agents for acrylic lacquer. They’re all-weather 
lubricants for weatherstripping, giving longer wear and better 
moisture resistance. And they’re the vital ingredients that make 
car waxes P— Te) quick and easy to apply and polish. All 
this for just one industry. Is your business getting the most out 
of silicones? If not, call the UNION CARBIDE Silicones Man. Sili- 
cones Division, Dept.FL-0001, Union Carbide Corporation, 270 
Park Avenue, New York 17, N. Y. 


Uniocking 
the secrets 


UNION 


SILICONES 


of silicones 


Rubber, Monomers, 
Resins, Oils and Emulsions 


tion region due to the continuity 
condition. In this paper the con- 
tinuity is satisfied in every section 


R 3] ) FE The term “Union Carbide” is a registered 

i CA trade-mark of UCC. In Canada: Bakelite 
Company, Division of Union Carbide 
Canada Limited, Toronto 7, Ontarie 
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THE RUGGED ‘JEEP’ -4 ENGINES 


Low first cost... economical 
performance... plus proven 
stamina. Two 4-cylinder designs 
deliver 20 to 55 continuous duty 
hp. World-wide availability of 
parts. 


KAISER 


WILLYS 
MOTORS 


The most powerful ‘Jeep’ Engine of all. It’s the 
high torque, heavy duty ‘Jeep’ -6 Industrial 
Engine. This tough 6-cylinder Engine develops 
maximum torque at 1200 rpm, and maintains 
all but 8% of this driving force right up to the 
limit of its continuous duty speed range. For 


rugged jobs requiring 30 to 65 continuous duty 


hp., here is an Engine with the 
muscle to handle it ... fortified with 


Keypoint Engineering. 
Write for specifications and prices. 


WILLYS MOTORS, INC. 
industrial Engine Dept. 
Toledo, Ohio 


Manufacturers of ‘Jeep’ -4 and -6 Cylinder Industrial Engines 
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of the oil wedge, and the cavitation 
is considered. The continuity pre- 
scribes zero pressure derivative at 
the beginning of a cavitation region. 
The boundary at the starting point 
of the oil film depends on the oil 
quantity supplied. When power 
loss is calculated, the air strips in 
the cavitation region are taken into 
account. The width of the cylin- 
der is assumed to be infinite. 

Ordinarily the circular surface is 
approximated to a parabolic surface. 
Here the original circle is used to 
get theoretically correct boundary 
conditions. If a parabola is used, 
the two theoretical boundaries are 
located at infinity. The parabola 
method, however, is mathematically 
easier to use and gives very good re- 
sults. 

“Lubrication of a Rotating Cylinder 
on a Plane Surface, Considering Cavita- 
tion,” Transactions of Chalmers Univer- 


sity of Technology, Gothenburg, Sweden, 
No. 216, 1959, 40 pp. 


Geometry of 
Linkage-Geneva Mechanisms 

K. H. Hunt, Monash University, Mel- 

bourne; N. Fink, United Carpet Mills, 

Melbourne; and J. Nayar, Aircraft De- 

velopment Unit, Laverton, Victoria, 

Australia. 

Geneva mechanisms in which the 
driving pin is attached to the 
coupler of a four-bar chain, so that 
the driving pin follows some non- 
circular closed curve. By this de- 
vice the output acceleration can be 
reduced to zero at engagement and 
disengagement. The completed 
mechanisms all reduce to six-bar 
linkages which are amenable to 
kinematic analysis in the usual man- 
ner. 

Paper No. 32/59, “Linkage Geneva 
Mechanisms. A Design Study in Mecha- 
nism Geometry,” prepared for The In- 
stitution of Mechanical Engineers (Great 
Britain), 16 pp. 


Operation and Applications 
Of the Thermionic Converter 
James G. Leisenring, General Electric 
Co., Missile and Space Vehicle Dept., 
Philadelphia. 
A simplified description of the 
thermionic converter and its operat- 
ing principles. The converter may 
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UNSHAKEABLE SELF-LOCKING PERFORMANCE IS 
BUILT INTO AN ELASTIC STOP NUT 


Start with a standard hex nut 
and add a metal crown... 


Add “the ring O of reliability”— . 
the easily identified ESNA red nylon locking insert... 


Then roll the crown over smoothly and stake— 
the insert is made an integral part of the Elastic Stop nut 


BUILD FASTENER RELIABILITY INTO YOUR PRODUCT! 


Take an Elastic Stop nut and mount it on one of your prod- 
ucts where vibration is really severe. Shake the daylights 
out of it in the roughest torture test you can devise—or better 
still—send it into the field where it’s subject to regular use 
and abuse, 


Here’s what you'll find: That Elastic Stop nut will stay 
put! The bolt threads are impressed into the nylon locking 
collar with such a perfect fit that internal liquid seepage is 
sealed off. Internal nut and bolt threads are protected 
against corrosion. The nylon insert locking torque is so 
smooth that it never galls or distorts bolt threads; and nylon 
is so wear-resistant that under normal usage you can wrench 
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the nut on and off the bolt 50 times or more and the nut 
will still remain tight under vibration! Protect the perform- 
ance and the reputation of your product by guaranteeing 
fastener reliability. Try it yourself and see. Send for free 
test samples. Just tell us the size. Dept. 353-64, _ Elastic 
Stop Nut Corporation of America, 2330 Vauxhall Road, 
Union, New Jersey. 


ELASTIC STOP NUT 
CORPORATION OF AMERICA 
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INSIDE STORY 


Tue INSIDE STORY ON BAILEY HYDRAULIC TACHOMETERS. As shown on cut-away 
view above, VIKING PUMPS are built inside, as integral parts of Bailey hydraulic tacho- 
meters, manufactured by Bailey Meter Company of Cleveland, Ohio. They're part of 
closed-loop speed governing systems used on such equipment as fans, stokers, pumps 
and feeders driven by variable speed motors, engines and turbines. Pumps are sub- 
merged in oil and deliver variable amounts under pressures up to 30 PSI. If you need 
positive displacement pumps to fit equipment, specify VIKINGS. Inside Bailey tacho- 
meters, they have proved reliable over the years in hundreds of applications installed 
all over the world. You can rely on them, too. VIKING sizes range from 1, to 1050 
GPM, in hundreds of stock models and thousands of special arrangements. For informa- 
tion, write for catalog BH. VIKING PUMP COMPANY, Cedar Falls, lowa, U.S.A. 


In Canada, It's “ROTO-KING” PUMPS, 


See Our Catalog In Sweet's Product Design File 











Circle 521 on Page 19 





Job-Designed Rivets for Every Industry 


Here is a fast, de- 
pendable, low cost, 
quality minded source 
of supply for JOB- 
DESIGNED fasteners 
of all types, in any 
metal, to fit your own assembly prob- 
lem. Assembly costs are a very major 
part of manufacturing expense. Most 
of this is labor. The fastening medium 
itself is usually a minimum item. If a 
Job-Designed fastener makes assem- 
bly simpler and faster, permits the 
use of fewer fasteners, allows the de- 
signer functional freedom and im- 
proves product efficiency, yours is a 
specifying job well done. All these 


fetttell| 


possibilities are available when you 
come to Hassall for design assistance 
and quotation on challenging, diffi- 
cult or unusual rivets, threaded nails, 
drive screws and other cold headed 
parts. Short or long runs, pilot quan- 
tities, engineering counsel, over 100 
years of intimate association with 
cold heading—and a deep apprecia- 
tion for the concept of value analysis 
—all are part of the Hassall! service 


to you. 
Send for a copy of our latest catalog. 


JOHN HASSALL, INC. 


MANUFACTURERS SINCE 1850 
P. O. Box 2197 * Westbury, Long Island, N.Y. 
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be used as an electrical power gen- 
erator or high-temperature sensor 
in space, airborne, ground, or sub- 
surface systems. 

The thermionic device converts 
heat energy directly into electrical 
energy by utilizing thermionic emis- 
sion. It consists, fundamentally, of 
a metallic cathode heated sufficiently 
to emit electrons and sustain the re- 
quired heat flux. The most common 
types of thermal sources are solar, 
chemical, and nuclear. In this 
paper, a solar-thermionic space- 
power system is analyzed in detail. 


SAE Paper No. 159C, “The Thermionic 
Power Converter and its Applications,” 
presented at the SAE National Aeronautic 
Meeting, New York, April, 1960, 28 pp. 


Analysis of 

Buckling Column Spring 

Alexander Blake, head, Applied Me- 

chanics Section, Research Center, As- 

sociated Spring Corp. 

Design equations and working charts 
for predicting load-deflection char- 
acteristics and maximum bending 
stresses in buckling-column springs. 
Discussion deals with _ initially 
straight springs of uniform cross 
section, considered to be pin-jointed 
at the supports. Load-deflection 
analysis is based on the study of a 
slender bar, compressed beyond criti- 
cal buckling. 

Studies show that a greater por- 
tion of the load-deflection charac- 
teristics of a thin strip of steel, load- 
ed as a round ended column, may 
be utilized in spring design when 
low rate and relatively large deflec- 
tions are specified. Based on the 
present study the recommended 
range of deflection to free length 
ratio e is 0.05 to 0.40. 

Design equations and charts, de- 
rived on the basis of classical La- 
grange theory, aid in the prelim- 
inary calculation of load-deflection 
curves and maximum bending 
stresses. 

Although no experimental investi- 
gation of bending stresses was made, 
calculations appear to indicate that 
appreciable fiber stresses can develop 
in a buckling column spring for 
larger ratios of e. 

Care should be exercised in select- 
ing the thickness of stock since the 
tolerance is often difficult to main- 
tain in manufacture, and to measure 
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with sufficient degree of accuracy. 
This is especially important in de- 
signs utilizing thin stock since the 
compressive end-load is directly pro- 
portional to the cube of thickness. 

ASME Paper No. 60-SA-10, “Analysis of 
Buckling Column Spring with Pivoted Ends 
and Uniform Rectangular Cross Section,” 


presented at the Summer-Annual Meeting, 
Dallas, Texas, June, 1960, 6 pp. 


Theories of Fracture 

Under Combined Stresses 

I. Cornet and R. C. Grassi, University 

of California, Berkeley, Calif. 
Investigation of combined-stress 
fracture of materials ranging from 
relatively ductile nodular iron to 
brittle high-silicon iron. Data ob- 
tained from this study and from the 
pertinent literature are evaluated 
with respect to the various fracture 
theories. 

Essentially, the stress system in- 
volved may be related to, or formu- 
lated in terms of, an average shear- 
ing stress acting on an infinitesimal 
volume in the body of the solid. The 
effect of structural factors may be 
summed in terms of a notch-concen- 
tration factor, K, based on hypo- 
thetical and fictitious cavities with- 
in and at the surface of the ma- 
terial. Equations may then be ob- 
tained which conform to the data 
available. 

“A Study of Theories of Fracture Under 
Combined Stresses,” presented at the 


ASME-AWS Metals Engineering Confer- 
ence, Los Angeles, April, 1960, 8 pp. 


TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to the 
following organizations: 


SUUEIENAEOOEEDEAT EAT TA EEA DEAAET SATA ANA TAA ON ESET AAT EEDA ETT ETAT A eA 


ASME—American Society of Mechanical 
Engineers, 29 West 39th St, New York 

, N. Y., papers 40 cents to members, 
80 cents to nonmembers. 


Fourth Conference on Manufacturing Au- 
tomation, collected papers available from 
Automation, Penton Publishing Co., Pen- 
ton Bldg. Cleveland 3, Ohio, price 2 
dollars. 


The Institute of Machine Elements, Chal- 
mers University of Technology, Gothen- 
burg, Sweden. 


The Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London 
S.W. 1, England. 


SAE—Society of Automotive Engineers, 485 
Lexington Ave, New York 17, N. Y.; 
papers 50 cents to members, 75 cents to 
nonmembers. 


Waitin 


Circle 523 on Page 19—> 
203 








Adjustable Diameter and Open 


THOMSON 


BALL BUSHINGS 


The BALL Bearing 
for all your 





6. 


\ a ee ’ 
- Be fai 
° : 


Precision Series ‘‘A'’ and 
Low Cost Series ‘‘B’’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 

Improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 






Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


LINEAR MOTIONS 


fF 


ce: 
a 










Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


LOW FRICTION - ZERO SHAKE OR PLAY 
ELIMINATE BINDING AND CHATTER 
SOLVE SLIDING LUBRICATION PROBLEMS 
LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of Y4”"” to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
name of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. E, MANHASSET, NEW YORK 


Also. Manufacturers of NYLINED Bearings. . . Sleeve Bearings 


of DuPont Nylon, and 60 CASE. ..Hardened and Ground Stee! Shafting 






For copies of any literature listed, circle Item Number on Yellow Card—page 19 


Porous Metal 


Porostrand, a new type of porous metal 
made by wire-winding techniques, is de- 
scribed in Bulletin BFD-180. Bulletin in- 
cludes both filtration and nonfiltration 
applications of the porous metal. Typical 
applications are listed, together with out- 
standing features, including wide size 
range of finished structures. 2 pages. 
Bendix Aviation Corp., Bendix Filter Div., 
434 W. 12 Mile Rd., Madison Heights, 
Mich. 

Circle 681 on Page 19 


Motor Controls 


Form A-262, titled “4 the Size of 
Conventional Controls,” describes RA 
magnetic motor controls and explains why 
this design offers reduced size and weight 
without sacrificing performance and de- 
pendability. Folder also provides explana- 
tions of technical and design features of 
RA starters and contactors. NEMA Sizes 
0 through 5 are pictured, along with sev- 
eral enclosure types available. 6 pages. 
Arrow-Hart & Hegeman Electric Co., In- 
dustrial Control Div., 103 Hawthorn St., 
Hartford 6, Conn. 

Circle 682 on Page 19 


Fluid Drives 


Class 4 line of adjustable-speed Gyrol 
fluid drives is described in Bulletin A-719. 
Principles of operation are discussed, and 
typical applications are shown. Horse- 
power and inertia starting-capacity curves 
are used for graphic presentation. Direct- 
reading selection-guide charts are presented 
for both variable-torque and _ constant- 
torque applications. Dimensional data are 
provided in tabular form, correlated with 
layout-type dimensional drawings. 20 
pages. American-Standard, Industrial Div., 
Detroit 32, Mich. 

Circle 683 on Page 19 


Projector-Printer 
Colorful bulletin, titled “A 34 x 48- 
Inch Print in 40 Seconds,” describes the 
Kecofax projector-printer, an electrostatic 
system capable of making prints from 8! 
x 1l to 34 x 48 in. from miniature nega- 
tives. Bulletin includes pictures, specifica- 
tions, and information on operation. 4 
pages. Keuffel & Esser Co., Third and 
Adams Streets, Hoboken, N. J. 
Circle 684 on Page 19 


O-Rings 

Vix-Syn O-rings designed to withstand 
a wide range of temperatures and pres- 
sures to 3000 psi are described in new 
catalog. Tables provide information on 
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O-ring sizes by uniform dash number, 
and corresponding back-up washer dimen- 
sions are given. Gaskets and washers for 
universal tube fittings are also included. 
20 pages. E. F. Houghton & Co., 303 W. 
Lehigh Ave., Philadelphia 33, Pa. 

Circle 685 on Page 19 


Teflon-Insulated Wire 


Teflon-insulated enameled wire, magnet 
wire, and ultrathin-wall instrument wire 
are described in Form 200. Catalog dis- 
cusses properties of magnet wire, special 
constructions, packaging, and gives com- 
plete specifications and dimensional data 
on the products. 8 pages. Tensolite In- 
sulated Wire Co. Inc., Mechtron Div., 
1000 N. Division St., Peekskill, N. Y. 

Circle 686 on Page 19 


Corrosion-Resistant Fittings 


Bulletin describes various types of fit- 
tings available, with specifications and 
drawings for each type. Materials avail- 
able for each fitting are listed, and typi- 
cal installations are shown. Also included 
is information on torque, and general in- 
formation about soldering, welding, and 
silver brazing stainless steel. Table pro- 
vides comparative data on tubing and 
IPS pipe schedules. 22 pages. Horace 
T. Potts Co., Erie Avenue & D Street, 
Philadelphia 34, Pa. 

Circle 687 on Page 19 


Photovoltaic Cells 


Bulletin GEZ-3005 offers a complete 
description of photovoltaic cells available 
for applications where light is used to 
perform a control function. Bulletin of- 
fers graphic data on spectral sensitivity, 
exposure effect, temperature characteris- 
tics, current output, internal resistance, 
and other factors. Dimensions of all 
available cells, and typical circuits for 
single and multiple-cell applications, are 
included. 8 pages. General Electric Co., 
Schenectady 5, N. Y. 

Circle 688 on Page 19 


Tandem Cylinders 


Form BT describes tandem cylinders 
with two pistons mounted on one common 
rod. Material on applications, features, 
and sizes is provided. 2 pages. Allenair 
Corp., 255 E. Second St., Mineola, N. Y. 

Circle 689 on Page 19 


Precious Metals 


Gold, silver, and platinum-group metals 
in various solid, clad, and cored mill 
forms are described in Brochure GP-22, 
“Precious Metals for Industrial Applica- 


tions.” Brochure outlines sizes, composi- 
tions, and uses of solid and clad gold and 
silver strip, tubing, wire, brazing alloys, 
and waveguide tubing. Typical platinum 
and platinum-alloy clad-metal combina- 
tions are noted, along with basic specifi- 
cations for sheet, strip, rod, wire, foil, and 
tubing. Information on platinum ther- 
mocouple wire, platinum-clad electrical 
contacts, rhodium plating solutions, and 
other platinum products is included. 6 
pages. Texas Instruments Inc., Metals & 
Controls Div., General Plate Products 
Group, 34 Forest St., Attleboro, Mass. 
Circle 690 on Page 19 


Stepping Motor 
Digimotor, a compact stepping motor 
and indexing device, is described in Bul- 
letin G-360-1. Brochure is completely il- 
lustrated and gives information on high 
reliability and high torque-to-size ratio. 
Included are descriptions of unidirectional 
and bidirectional models, with and with- 
out detent. Also a complete torque chart, 
description of internal mechanism, and 
environmental specifications are provided. 
4 pages. Ledex Inc., 123 Webster St., Day- 
ton 2, Ohio. 
Circle 691 on Page 19 


Solenoid Valves 


Catalog 444 lists various types of valves, 
and provides all information on materials 
used, sizes, pressures, and applications. 
Flow charts for liquids and compressible 
fluids are presented, as well as coil charts 
and information on optional features 
available. 40 pages. Atkomatic Valve 
Co. Inc., 545 W. Abbott St., Indianapolis 
25, Ind. 

Circle 692 on Page 19 


Coaxial Connectors 
TNC coaxial connectors are presented 
in two-color bulletin. Featured is a TNC 
functional diagram which graphically illus- 
trates types and flow of connectors by 
various cable sizes. Also included is a 
comprehensive presentation on calibrated 
reliability, with accompanying graphs. 12 
pages. Kings Electronics Co. Inc., 38 
Marbledale Rd., Tuckahoe 7, N. Y. 
Circle 693 on Page 19 


Mercury-Plunger Relays 


Catalog 17-C contains information on 
single, double, and triple-pole nontilting 
mercury-plunger relays. Units are pic- 
tured, and specifications are provided for 
all types. 16 pages. H-B Instrument Co., 
American & Bristol Streets, Philadelphia 
40, Pa. 

Circle 694 on Page 19 


MacHINE DESIGN 





Can You Use BETTER 
Gray Iron Castings’? 


Eaton’s Continuing Research and Development Programs 
Assure You the BEST—Engineered to Your Individual Needs 


EATON 
ad i me) Mell, fe 


Because of the denser, non-porous, homogeneous struc- 
ture, Eaton Permanent Mold Castings meet critical 
quality requirements. The finer dispersion of graphite 
provides a better material where free machinability and 
accuracy are essential in critical machining operations. 
Eaton annealed gray iron castings are available in sizes 
from one tenth of a pound to fifty pounds. 


EATON 
SHELL CORING 


The Eaton process of Shell Coring in permanent mold 
and shell molded castings provides better internal surface 
finish and higher dimensional accuracy. Where more 
than ordinary quality and control of contour are re- 
quired, the Eaton process offers distinct design advan- 
tages and greater uniformity in intricately cored sections. 


EATON 
Tn te) Medi, fe 


Eaton Shell Molding provides more closely controlled 
metallurgy and hardness for applications requiring 
pearlitic structures, close dimensional control, and com- 
plex designs and contours. Eaton Shell Mold Castings 
require less machining and finishing, with resulting sav- 


ings in material, tooling, and shipping. Illustr Descriptive Literature 
ated Vv 


FOUNDRY DIVISION 
EAT Pe MANUFACTURING COMPANY 
VASSAR, MICHIGAN 
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... 4nd now ISOLOY stainless steel 
soring wire—all from RIVERSIDE-ALLOY 


Riverside-Alloy Metal is your one source of the world’s finest, most 
uniform spring material . . . round or flat. And now, we add ISOLOY 
stainless steel! 

Stainless is not a new material for Riverside-Alloy. But ISOLOY is 
a new trade name. The name ISOLOY was coined so that on specifi- 
cations you can differentiate Riverside-Alloy stainless spring wire 
from wires made to conventional standards of uniformity. Regardless 
of test or comparison, ISOLOY exhibits uniform temper, dimensional 
size, grain size, tensile strength and coating. 

Check it now. For complete information, prices and delivery of 
ISOLOY or other spring materials and a copy of the new “Spring 
Materials Digest,” write: Riverside-Alloy Metal Division, H. K. Porter 
Company, Inc., Riverside, N.J. 


*Trademark of the International Nickel Co., Inc. 


RIVERSIDE-ALLOY DORTER METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, rol! formings and stampings, wire rope and strand. 
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Rotary Switch 
Small, lightweight rotary switch which 
completes up to 100,000 contacts per 
minute with no bounce is described in 
two-color bulletin. Advantages of the 
unit are listed, in addition to all speci- 
fications and environmental characteris- 
tics. Complete parts breakdown is shown 
in a comprehensive exploded view. 4 
pages. Genge Industries Inc., Circuit Con- 
trols Co. Div., 1500 F. Colorado St., Glen- 
dale 5, Calif. 
Circle 695 on Page 19 


Instrument Components 


New booklet describing Apcor instru- 
ment drives, flexible shafts, geared adapt- 
ors, gear boxes, tachometers, actuators, and 
clutches. Detailed specifications are pro- 
vided on 12-speed instrument drives and 
geared adaptors, plus single and double 
gear boxes. Flexible shaft and clutch as- 
semblies are also described. 12 pages. 
Geartronics Corp., Actuator Products Div., 
Woburn, Mass. 

Circle 696 on Page 19 


Insulating Varnish 


Form SV-116 presents properties and 
performance data on Isonel 31 modified- 
polyester insulating varnish. High heat 
resistance that makes varnish effective for 
Class F, B, or A equipment is illustrated 
in graphs and tables. Data on high 
bonding strength are conveniently sum- 
marized in graphs. Successful applica- 
tions in various types and sizes of mo- 
tors, transformers, and generators are 
illustrated pictorially. 6 pages. Schenec- 
tady Varnish Co. Inc., Schenectady 1, 
N. Y. 

Circle 697 on Page 19 


Rotary Pumps 


Line of variable-capacity rotary pumps 
is described in Bulletin 600. Vari-Flo 
pumps permit “dialing” any desired flow 
rate, from zero to full capacity, without 
changing pump speed. Bulletin explains 
the. principle of operation, and includes 
cutaway illustrations of four basic models. 
It also provides a guide to selection of 
Vari-Flo pumps, including an outline of 
selection procedures, application data ta- 


bles, and performance curves. 8 pages. 
Blackmer Pump Co., Grand Rapids 9, 
Mich. 


Circle 698 on Page 19 


Electronic Component Parts 


Complete technical data on electronic 
component parts—terminals, terminal 
boards and strips, banana jacks and plugs, 
and other parts for military and com- 
mercial precision products—is provided in 
new bulletin. Catalog also contains charts 
of basic information on typical values of 
laminates, including general physical and 
electrical properties of those used in 
manufacturing terminal boards and spe- 
cial fabricated parts. 36 pages. National 
Tel-Tronics Corp., 52 St. Casimir Ave., 
Yonkers, N. Y. 

Circle 699 on Page 19 
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Impulse-Counting Devices 


Revised general bulletin gives brief facts 
on each of the various impulse-counting 
devices in the Sodeco line. Described are 
electric-reset counters, manual-reset count- 
ers, monodecade counters, predetermining 
counters, short counters with pushbutton 
reset, hours-minutes-seconds indicators, 
printing counters, heavy-duty counters, 
and impulse transmitters. 4 pages. Landis 
& Gyr Inc., 45 W. 45th St., New York 
36, N. Y. 

Circle 700 on Page 19 


Direct-Recording Oscillograph 


New manual illustrates the versatility 
of Visicorder direct-recording oscillograph. 
Designed as a reference guide for engi- 
neers and scientists, booklet contains 18 
case-history descriptions of how Visicord- 
ers have been used in widely different 
ways. 36 pages. Minneapolis-Honeywell 
Regulator Co., Heiland Div., 5200 E. 
Evans Ave., Denver, Colo. 

Circle 701 on Page 19 


Molded V-Belt 


Design features and performance advan- 
tages of Type CX molded V-belts are 
detailed in Bulletin M220. Included are 
specifications for standard and nonstand- 
ard belt sizes, and a condensed, pre- 
engineered, CX V-belt drive-selection ta- 
ble for easy reference in determining the 
correct belt size for electric motor drives. 
4 pages. Raybestos-Manhattan Inc., Man- 
hattan Rubber Div., Passaic, N. J. 

Circle 702 on Page 19 


Variable Transformers 
Line of “v.t.” transformers for low- 
voltage applications such as transistorized 
power supplies and plating-bath power 
supplies is presented in Bulletin 151. 
Many types are shown, with information 
on sizes, output, and applications. An 
application selector chart presents data 
on single and three-phase units. 8 pages. 
Ohmite Mfg. Co., 3681 Howard St., 
Skokie, III. 
Circle 703 on Page 19 


Pushbutton Switches 


Bulletin 7000 provides information on 
pushbutton switches, available in single 
and double-row assemblies of 4 to 12 
stations, with interlocking action, illumi- 
nated or nonilluminated. Included are 
photographs, dimensional drawings, and 
detailed specifications. 4 pages. Donald 
P. Mossman Inc., Brewster, N. Y. 

Circle 704 on Page 19 


Air and Hydraulic Cylinder 


Bulletin SQ-3-60 describes the Squair 
Head air and hydraulic cylinder. Litera- 
ture gives specific technical information 
on available bore sizes, rod dimensions, 
and allowable strokes. Large cutaway 
drawing shows important features. 16 
pages. Tomkins-Johnson Co., Jackson, 
Mich. 

Circle 705 on Page 19 
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6-amp jobs 
for low cost 
Slide switches 
as small... 


as 3-amp and 1-amp Stackpole Slide Switches 


With dependable switches such as this 6-ampere Type 
SS-36-1 you can often make cost savings up to 50% 
over conventional appliance switches . . . and improve 
the convenience and styling of your electrical products 
in the bargain! 

New Stackpole SS-36-1 is but one of 15 standard types 
with U.L.I. ratings from 0.5 to 6 ampere that cover prac- 
tically any needed switching arrangement from SP-ST to 
4-position, multi-pole. And trigger knobs in 10 attractive 
colors add real decorative appeal. 


Write for Bulletin RC-12D for full details on today’s 
most complete line of versatile slide switches and acces- 
sories. 


Electronic Components Div., 


STACKPOLE CARBON CO.., St. Marys, Pa. 


. STACKPOLE 


SLIDE SWITCHES 


COLDITE 70+ FIXED COMPOSITION RESISTORS + VARIABLE COMPOSITION RESISTORS * CERAMAG® 
FERRITE CORES + ELECTRICAL CONTACTS « BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT 
CERAMAGNET® CERAMIC MAGNETS + GRAPHITE BEARINGS & SEAL RINGS » AND HUNDREDS OF 


RELATED PRODUCTS 
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When close lolerances are Vita/— 
CALL ON TORRINGTON 


If you need precision in small metal parts you can get it from 
Torrington — plus exactly the right finish, temper and hardness 
required for your needs. Moreover, Torrington can produce such 
parts at high speed and a remarkably economical cost. We are the 
leading specialist in this field —with the specialized skills, engineer- 
ing experience and facilities to save you money. If you have small 
parts to be manufactured in large quantities why not let Torrington 
solve your entire problem. Use the coupon below to get prompt action. 


progress through precision SPECIAL METAL PARTS 





THE TORRINGTON COMPANY Torrington, Conn. 


| The Torrington Company, Speciaities Division 
626 Field Street, Torrington, Conn. 


| [ Please send me literature on Torrington Small Parts. 
:) ; fo Piease have your representative contact us. 
\ —/ 4 


1) Title 
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Electromechanical Components 


Short-form Catalog SE-60 covers prin- 
cipal lines of LVDTs, RVDTs, trans- 
ducers, and accelerometers for use in 
measuring, indicating, recording, and con- 
trol applications. In addition to mechani- 
cal and electrical specifications, brochure 
also includes application diagrams and 
performance curves. 4 pages. Schaevitz 
Engineering, P. O. Box 505, Camden 1, 
N. J. 


Circle 706 on Page 19 


Welded Steel Tubing 


New technical bulletin contains a quick- 
reference weight chart for square and 
rectangular welded steel tubing. In ad- 
dition to the large, easily readable weight 
chart, bulletin contains a comprehensive 
listing of square and rectangular welded 
tubing tolerances for twist, straightness, 
cutting length, corner radii, and diagonal 
dimensions. 4 pages. Standard Tube Co., 
24400 Plymouth Rd., Detroit 39, Mich. 

Circle 707 on Page 19 


Machining of Teflon 


Form 0701, titled “Basics in the Ma- 
chining of Teflon,” contains suggestions 
for stress relieving; tools and coolants to 
use; speeds and rates of feed; rakes, angles, 
and clearances; and burrs and chips. 
Other information includes turning, bor- 
ing, drilling, tapping, reaming, counter- 
boring, and grinding; fly-cutting; surface 
finishes; and tolerances. 12 pages. Ray- 
bestos-Manhattan Inc., Plastics Products 
Div., Manheim, Pa. 

Circle 708 on Page 19 


Stock and Special Gears 


New brochure shows and describes a 
complete line of stock and special gears 
which meet all industrial power-drive re- 
quirements. Both 14!4 and 20-deg pres- 
sure-angle styles are included. Literature 
contains information on bevel, helical, 
miter, worm, and spur gears, as well as 
steel racks. It stresses the ready availabil- 
ity of these gears from local supply areas. 
4 pages. Ohio Gear Co., 1200 E. 179th 
St., Cleveland 10, Ohio. 

Circle 709 on Page 19 


Electrical Meters and Accessories 


Available for military and commercial 
use in a variety of applications, electrical 
meters and accessories are discussed in 
Bulletin 81100. Various meters are pic- 
tured, and tables provide full specifica- 
tions. Special meters are also described. 
8 pages. WacLine, 35 S. St. Clair St., 
Dayton 2, Ohio. 

Circle 710 on Page 19 


Motor Application Guide 


New 1960 Motor Application Guide, 
Bulletin 270B, outlines Century motor 
characteristics and includes up-to-date 
information on motor designs, including 
all specifications. 16 pages. Century Elec- 
tric Co., 1806 Pine St., St. Louis 3, Mo. 

Circle 711 on Page 19 
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Pneumatic Instruments 


Pneumatic instruments for the process 
industries are described in Catalog 515. 
Pressure and temperature pilots and pneu- 
matic transmitters are featured; pilot speci- 
fications are listed and control actions are 
described. Photographs highlight me- 
chanical construction features of both 
types of instruments, and diagrams show 
case dimensions and mounting arrange- 
ments. Catalog includes detailed informa- 
tion on measuring clements for use with 
both types. All information on ordering 
is included. 12 pages. American Machine 
& Metals Inc., U. S. Gauge Div., Sellers- 
ville, Pa. 

Circle 712 on Page 19 


Miniature Strain Gages 


Line of subminiature, free-filament wire 
strain gages, designed for accurate strain 
measurement on any test surface or ma- 
terial in a wide variety of applications, 
is discussed in Product Data Sheet 4330. 
Brochure contains line drawings, graphs, 
and tables to support the data and speci- 
fications concerning Type HT gage. 4 
pages. Baldwin -Lima-Hamilton Corp., 
Electronics & Instrumentation Div., 42 
Fourth Ave., Waltham 54, Mass. 


Circle 713 on Page 19 


Rotary Pump Selection 


Rotary pump selection manual presents 
technical data in an easy-to-understand 
way. Liquids are grouped into eight clas- 
sifications according to viscosity, and each 
classification has its own selection table. 
Table makes it possible to make a fast 
rotary-pump selection by matching liq- 
uid to pump. Tables of selection cover 
almost all liquids from alcohol to heavy 
asphalts. Information on operating limits 
is also provided. 18 pages. Deming Co., 
Salem, Ohio. 

Circle 714 on Page 19 


Switch-Circuit Assemblies 


Preliminary Data Sheet 172 provides 
information on synchronized “one-shot” 
switch-circuit assemblies for use in pulse 
and digital systems. Application infor- 
mation is listed, as well as price list and 
descriptions of various units. Typical out- 
put-pulse curves are shown. 4 pages. Min- 
neapolis-Honeywell Regulator Co., Micro 
Switch Div., Freeport, Ill. 

Circle 715 on Page 19 


Small-Size Cylinders 


Form 360 contains full-size tracing tem- 
plates, accurate to the width of a pencil 
line, of a complete line of small-size cyl- 
inders. Cylinders are available in medium 
and high-pressure series. Capacity chart 
lists push and pull forces at various pres- 
sures for the three bore sizes. Chart lists 
maximum recommended strokes for vari- 
ous rountings. Folder also includes price 
list and weight chart. 16 pages. Control 
Line Equipment, 19560 Center Ridge Rd., 
Cleveland 16, Ohio. 
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We operate a 


COMPLETE 
Motor Plant 











... that’s why quality and economy 
90 hand-in-hand in famous Gl motors 


True economy in any manufactured 
product is achieved by more efficient 
production, not by the use of cheaper 
components. In General Industries’ 
plants, we produce practically every 
component of GI motors except the raw 
materials. Our self-sufficient, 

integrated production lines, employing 
the most modern machinery, permit 

us to offer you quality and economy 
unexcelled in the A.C. motor field. 

Add our 40 years’ experience in 
designing and building motors for every 
requirement, and you can readily see 
why leading manufacturers the 

world over prefer to Specify GI! 


Swi (raer 


AC MOTORS 


1/1800 H. P. TO 1/35 H.P. 


Catalog Available on Request 


a a 


DEPT. GK ° ELYRIA, OHIO 
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© GREATER STRENGTH 
© UNIFORM TENSION 


@ MAXIMUM SHEAR 
STRENGTH 


@ PRECISION FIT 


@ LOWER INSTALLED 
COST 


Huck permanent fasteners are 
available in many types, shapes 
and sizes, from Ye" to %” diam- 
eter, to meet the requirements 
of all types of manufacturing, 
from railroad cars, trailers, 
buses, ships, blowers, appli- 
ances, to farm equipment and 
prefab buildings. These and 
many other users specify Huck 
fasteners for reasons of econ- 
omy, speed of application, 
strength and dependability. 
You too, may find the answer 
to faster, better, cost-cutting 
assembly by investigating 
Huck’s advantages. Write for 
literature, or ask for a Huck 
Sales Engineer who will be 
glad to explain the advantages 
of Huck Fasteners in your prod- 
uct. No obligation. 


cL— 
Commercial 
Huckbolt 


DR— 
Daisy 
Blind Rivet 


PT— 
Pull-Thru 
Blind Rivet 


0s— 
Oversize 
Structural 
Blind Rivet 


MLS — 
Mechanical 
Lock Spindle 
Blind Rivet 


BL— 
Blind 
Huckbolt 


MANUFACTURING COMPANY 


2480 Bellevue Avenue * Detroit 7, Michigan * Phone WA 3-4500 
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Welding Equipment 

Revised edition of catalog on a com- 
plete line of manual, semiautomatic, and 
automatic Heliwelding equipment is now 
available. Form ADC709G contains in- 
formation on accessory equipment, tung- 
sten electrodes, and filler wires used in 
conjunction with the welding process. 
Data on two new manual Heliweld hold- 
ers are included. Also present are two 
new automatic heads, and Helicraft 100 
kit. 24 pages. Air Reduction Co. Inc., 
Air Reduction Sales Co. Div., 150 E. 42nd 
St., New York 17, N. Y. 


Circle 717 on Page 19 


Heated Gages and Valves 


Data Unit 363 gives detailed informa- 
tion on heated gages and valves which 
have wide application where liquids must 
be kept at higher than ambient tempera- 
tures for process reasons, or to hasten 
speed of response to level changes. They 
are also for use in outside applications 
to prevent breakage of gages from freez- 
ing. Pictures, line drawings, and cutaways 
provide details and specifications. 4 pages. 
Jerguson Gage & Valve Co., 80 Adams 
St., Burlington, Mass. 


Circle 718 on Page 19 


Potentiometers 


Trimpot and Trimit leadscrew-actuated 
potentiometers are described in Specifica- 
tion Summary 5. Designed for quick ref- 
erence, brochure summarizes key infor- 
mation on sixteen standard models includ- 
ing resistances, terminal types, power rat- 
ings, operating temperatures, and dimen- 
sions. Cutaway drawings of Models 200, 
220, and 224 illustrate the internal con- 
struction and show outstanding design 
features. 4 pages. Bourns Inc., 6135 Mag- 
nolia Ave., Riverside, Calif. 


Circle 719 on Page 19 


Industrial Hose 


New catalog details manufacturing fa- 
cilities and complete line of industrial 
hose now available. Types of hose de- 
scribed include air, water, polypurpose 
agricultural spray, welding, paint spray, 
booster, and farm tank. Pertinent infor- 
mation on applications, cover, reinforce- 
ment, tube, lengths, packaging, and recom- 
mended couplings is outlined with each 
hose illustration. Reference section illus- 
trating and describing various types of in- 
dustrial-hose couplings is also included. 30 
pages. Swan Rubber Co., Bucyrus, Ohio. 
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Portable Testing Machines 


Bulletin 60-A describes testing machines 
for tension, shear, and compression of 
metals, plastics, rubber, adhesives, and 
ceramics. Units have 0 to 10,000-lb ca- 
pacities. Two models are shown, with fea- 
tures listed and specifications provided. 
4 pages. Research Products Co., P. O. Box 
1047, 1415 Third St. S, St. Petersburg 31, 
Fla. 
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HELPFUL LITERATURE 


Re: ar BE Devices | NEEDED: 


New general catalog, Bulletin 1308, pro- 
pean Lang cone VIBRATION ISOLATION 
struments, unbonded strain-gage and po- 
tentiomatr rere ance raion | OLA 
and ceramic and precision optical prod- 
or pegbacr non gt kre LOW FREQUENCIES 


namics Corp., 360 Sierra Madre Villa, 
Pasadena, Calif. 





Circle 722 on Page 19 
i A mount soft enough to isolate vibration in the upper range 
Hydraulic Pump of frequencies generally gives trouble with a low natural fre- 
quency. With sensitive precision equipment, such as airborne 
sighting mechanisms, for example, a mount must work at both 
ends of the frequency spectrum. 


New brochure describes and illustrates 
API1OV axial-piston, variable-volume pump 
design with pressure compensator control. 
A cutaway drawing is provided, and ta- 
bles present information on specifications 
and engineering data. Features and appli- 
cations are listed. 4 pages. American Brake 


ns ete A, 530 Fifth Ave., New ANSWER: 
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Powdered Polyethylene | M B ISO- DA M p M QU N TS 
z{Micrsnene Polyethylene in, Powder | MAAN oO TRE 


vided or powdered polyethylene is de- 

signed for a number of applications where 

conventional polyethylene resins carnot FREQUENCY RANGE 
be employed. Booklet presents informa- | 

tion on sizes, fields of application, and 

techniques for using the material. Book- 


let also presents the various grades of RY ; ‘ : : ’ 
Microthene which are available. National Resilient rubber sections with equal spring rates in all direc- 


Distillers & Chemical Corp., U. S. Indus- | tions (an original MB mount principle) give the MB Isomode 





trial Chemicals Co. Div. 99 Park Ave., | Mount its high frequency isolation efficiency in any position. 
New York 16, N. Y. In the low range, a unique damping mechanism effectively 
Circle 724 on Page 19 | restricts resonant build-up; does not affect high frequency 


isolation, Unit also meets MIL-E-5272-A shock requirements. 
Perforated Metal 


Brochure 8159 provides engineering data 
for complete specification of heavy-gage 
perforated metal. Data include applica- 
tions of perforated metal, directions for 
pattern specification, dimensions, unit 
weights, calculation of open area, mate- y 
rials selection, fastening methods, and WHAT’S YOUR 
equivalence tables relating wire cloth to | —_—— 
square, round, and Hexcreen patterns. 40 y) 
pages. Cross Perforated Metals, National- MOU NT Nel imal) ‘ 
Standard Co., Niles, Mich. 
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Thin-Sectioned Ball Bearings 


New concepts for applying thin-sectioned 
large-bore ball bearings to equipment de- | 
signs are presented in a new engineering | Iso-Damp mounts can be modified to meet your particular re- 
booklet, Bulletin S 112R, titled “Selected | quirements. Or possibly one of MB’s other standard mounts 
Engineering Drawings for Mounting Reali- | may be the answer to your special vibration control problem. 
Slim Bearings.” Installation drawings il- Why not let MB’s experienced specialists help find the right 
lustrate how the bearings save weight, answer for you. Write us for complete information—ask for 
space, and cost. Pictured are 23 drawings Bulletin 418-4. 
of applications, including transmissions, 
machine tools, manufacturing and assem- 


bly machines, control equipment, instru- | 

ment mounts, and clutches. Booklet in- MB ELECTRONICS 
cludes specifications and prices for the 

radial CP Reali-Slim bearings. 28 pages. A DIVISION OF TEXTRON ELECTRONICS, INC. 
Write on company letterhead to Kaydon 1056. State Street, New Haven 11, Conn. 


Engineering Corp., McCracken St., Mus- 
kegon, Mich. 
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New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Tapping Screw 


for assembly of 
light-gage metal parts 


Improved hole-drilling tapping 
screw, called Tapits, drills its own 
hole and forms its own thread. It 
also has an integral washer with a 
serrated face that acts as a built-in 
brake to minimize stripping and 
spinning. All sizes of Tapits, from 
No. 6 to No. 10, have the same 
size hex head. Pyramid-type point 


starts drilling immediately, will not 
walk, skid, or creep. Parker-Kalon, 
Div., General American Transporta- 
tion Corp., Clifton, N. J. 
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Ball Clutch and Back Stop 


has balls used as 
power-transmission members 


Ball clutch-back stop is available in 
shaft sizes of 14 to 1!4-in, diam 
with special sizes to 5-in. diam avail- 
able on special order. Balls are em- 
ployed as power transmission mem- 
bers rather than cams or sprags. 
When free-wheeling, balls have a 
spinning and rolling motion as con- 
trasted with other clutches which 
always depend on the same surface 
to transmit the load. Feature re- 
sults in long accurate operation and 
a minimum free-wheeling drag. Ex- 
ternal dimensions of the clutch are 


212 


the same as standard ball bearings 
and allow for its incorporation into 
most types of power-transmission 
equipment with a minimum of diffi- 
culty. Eight models are available 
with normal torque from 0.5 to 
3200 Ib-in. Odin Corp., Castleton, 


Ind. 
Circle 727 on Page 19 


Ball-Bearing Pulleys 


handle cable sizes 
to \4-in. diam 


Low-cost ball-bearing pulleys, for 
use with rope, wire rope, or cable, 
are available in six standard sizes 
from stock. Pulleys handle cable 
sizes to 14-in. diam, have ODs of 
7% to 2 in. and bores from 3/16 to 
34 in. Bearing rings are case-hard- 
ened steel to provide high load ca- 
pacity and cable-groove wear re- 
sistance. Precision steel balls, operat- 
ing in unground raceways, provide 
free turning at low cost. Units are 
cadmium plated for corrosion re- 
sistance. Grooves are tapered and 
rounded to accommodate consider- 
able latitude in cable or rope di- 





ameter, Hardened, tapered grooves 
and low bearing friction ensure 
minimum cable slippage and groove 
wear. Syracuse Bearing Co., 428 E. 
Jefferson St., Syracuse, N. Y. 
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Tension Liquid Spring 


can be preloaded to 300 Ib 
with end force of 800 Ib 


Model T823 tension liquid spring 
using liquid compressibility has a 
4,-in. stroke, is 1 in. in diam by 
3 in. long (plus mounting ends). It 
can be preloaded to 300 lb with an 
end force of 800 Ib. As a shock 
absorber, spring absorbs up to 1000 
lb-in. of energy. Complete with end 
attachments, liquid spring equals 


five coil springs of the same dimen- 
sions. Taylor Devices Inc., 188 Main 
St., North Tonawanda, N. Y. 
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Sleeve Valve 


for air control can be 
mounted in any position 


Three-way, two-position air-control 
sleeve valve has applications where 
controlling single-acting, spring- 
return cylinders automatically speeds 
production. Valve, 234 in. long x 
14 in. diam, can be installed quick- 
ly and easily in any position and in 


MacHINE DesIcn 








RZEPPA Universal Joints Transmit 
Torque Smoothly—Even At High Angles! 


Rzeppa universal joints transmit 100% precision-smooth torque 
continuously—at angles of 35° and higher! Constant velocity 
action completely eliminates chatter, roughness and vibration. 
Size for size, you get longer shaft and bearing life, higher torque 
capacity with Rzeppa joints than with any other type! 

The secret of Rzeppa’s uniform power flow is that the driving 
balls are always in the bisecting plane of the driving and driven 
shafts. No matter what the shaft angle, torque flows evenly at 
constant velocity. 

Rzeppa constant velocity joints are available in a wide variety 
of sizes, styles, angles and speeds. Rzeppa joints have been used 
successfully in equipment ranging from giant road-building and 
mining equipment to the most intricate aircraft and missile 
applications. 





“MX” Type CV Joint (%” to 
31%” swing diameter) .. . de- 
signed primarily for high speeds, 
low angles ... blowers * com- 
pressors ¢ servO motors 
pumps ¢ control devices « fre- 
quency converters « missiles ¢ 
aircraft *« dynamotors 




















Bell-Type CV Joint (15/16” to 2'2” axle shaft diam- 
“OV” Type CV Joint (2%” eters) . . . designed for high-angle driving steering 
axles used in road building machinery ¢ mining ma- 


maximum swing diameter) ‘ 
chinery ¢ industrial * automotive applications 


. . designed for smaller 
applications . . . ordnance 
¢ machine tools ¢ seryo 
mechanism ¢ farm equip- 
ment ¢ automotive equip- 
ment 

















WRITE 


for this new engineer- 
ing data folder on the 
complete line of 

SM 
SAY Rzeppa constant veloc- 
ity joints. No cost or 


Disc-Type CV Joint (from 2%” obligation to you. 


to 16%” swing diameter) .. . 
designed for all types of indus- 
trial drive applications where 
constant velocity and trouble- 


as WS = P ; 
1 x SC) free service are required. Please send my copy of Con-Vel’s NEW engineering dato 


ae folder on CV universal joints. 


Con-Vet Division 


DANA CORPORATION 


Con-vel 3901 Christopher City 
Detroit 11, Michigan 














Street 
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NEW SERIES of 
Antenna SLIP RING 
Assemblies 


12 to 
500 RINGS 


A standardized line of large Slip Ring 
assemblies, designed for a multiplicity of 
instrumentation, control and power cir- 
cuit applications. First production assem- 
blies are in use on radio telescopes, 
radar and tracking antennas and human 
centrifuge installations. 








Assemblies vary from 12” to 72” in 
length, are either shaft or flange ball- 
bearing mounted and may be specified 
with hermetically sealed housings. Noise 
levels are held to a minimum. So are 
intercircuit losses, cross-talk and radia- 
tion, through proper shielding. 





For complete information, write: 


SLIP RING COMPANY 
of AMERICA 


3612 West Jefferson Bivd., Los Angeles 16, Calif. 


———— | 
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NEW PARTS AND MATERIALS 





any place on the production line. 
Eight air-passage holes allow valve 
to operate close to full capacity with 
very low friction loss. Airmatic Valve 
Inc., 7313 Associate Ave., Cleveland 
9, Ohio. 
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Manganese Battery 


gives long life at 
high or low drain 


Alkaline manganese dry cell, an 
all-purpose battery, gives exception- 
ally long life both in high and low 
drain service. Shelf life is at least 
two years without serious loss of 
capacity. The AA size delivers up 
to 1800 ma-hr on continuous low 
drain service, and approximately 
2000 ma-hr at intermittent low 
drain. On a 5-ohm load it will 
deliver about 1000 ma-hr. Dis- 
charge voltage is considerably 
steadier than conventional types, 
and double-steel case construction 
effectively eliminates leakage. Bat- 
tery is priced between conventional 
(zinc-carbon) and mercury batter- 
ies of identical size. Mallory Bat- 
tery Co., 13000 Athens Ave., Cleve- 
land 7, Ohio. 
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Solder Terminal 


for mounting in panels 


from 1/16 to 5/32 in. thick 


Cambion solder terminal, No. 1026, 
has a double turret and mounts 
in a 0.094-in. hole (0.237 in. high 
when mounted). Width of terminal 

















for 
efficient 
liquid heating 
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IMMERSION 
HEATERS 


Vulcan Electric Im- 
mersion Heaters are highly 
efficient because they are im- 
mersed directly in the material 
to be heated. They are ideal 
for the heating of all types of 
liquids — water, oil, wax, par- 
affin, asphalt, tars, ete., in 
tanks, boilers, urns, kettles, 
and other containers. 


Heaters are available with 
flange or threaded bushings; 
bayonet type, side or bottom 
outlet; copper, steel, stainless, 
or alloy sheath; single or three 
phase; readily adaptable to 
thermostatic control within 
close tolerances; full range of 
wattage and voltage ratings; 
pressures up to 3500 psi. 


Write for catalog and prices. 





a ELECTRIC COMPANY, Danvers, WA 
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Experience proved in every major industry ... ANKER-HOLTH 
POWER CYLINDERS SAVE YOU TIME, TROUBLE ‘AND MONEY 












Select your needs 


from the World’s Widest Selection of Standard Cylinders 


6 "5 


Check these compelling reasons why Anker-Holth air: and hydraulic power cylinders save 





you time, trouble and money — widest selection of standard models \_ reliability through 
military accepted quality control program \ simplijied maintenance \) all mountings 
available | bores 1" to 30" \ strokes to 40’ \ built to JIC specifications ¥ nationwide 


engineering service on call 4° complete facilities to engineer any power cylinder application 


outside the standard model. 








Only a few models, could be shown above = , 


This free catalog shows them all 


‘ 








Send this ba 


ANKER-HOLTH DIVISION 
THE WELLMAN ENGINEERING COMPANY 
2723 CONNOR STREET, PORT HURON, MICH., U. S. A. 


a 
Company__ SS PORE eS 


Address ER ee 


DIVISION, THE McDOWELL-WELLMAN COMPANIES 
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NEW 

AIR CLEANER 
WARNING 
SYSTEM 


another fine product by 


Vaet):\ ae 


System consists of sensitive vacuum switch 
and dashboard warning light. Can be mounted 
in any position on the filter with %” male 
threaded pipe boss. Operates in all tempera- 
tures up to 250° F. and can be adjusted within 
vacuum range 5 to 30 inches water. For both 
carbureted and non-carbureted engines. 


Your inquiries are invited! 


McQUAY-NORRIS MANUFACTURING CO. 
ELECTRIC PRODUCTS DIVISION 


3260 Brannon Ave., St. Louis 39, Missouri 


SO YEARS IN THE MANUFACTURE OF PRECISION PRODUCTS 


216 
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NEW PARTS AND MATERIALS 


shoulder is 0.125 in. diam. Terminal 
is brass per QQ-B-626a, Comp. 22, 
4 hard. It is finished with 0.0003- 
in. silver plate plus water-dip 
lacquer. Terminal, which conforms 
with specifications of NAS 705, is 
available with shank lengths for 
mounting in panels from 1/16 to 
5/32 in. thick. Cambridge Ther- 
mionic Corp., 445 Concord Ave., 


Cambridge 38, Mass. 
Circle 732 on Page 19 


Zippered Tubing 


of stainless steel for 
shielding cables and wires 


Stainless-stecl Zippertubing is avail- 
able for shielding and jacketing ca- 
bles and wires that are subject to 
extreme punishment. Material offers 
positive protection against abrasive 
forces that would cut other mate- 
rials, Tubing is furnished in solid 


sheet or strip form and can be made 
into tubing on the job without the 
use of special dies, guides, rollers, or 
other equipment. Tubing shields and 
jackets cable in a single operation. 
Zippertubing Co., 752 S. San Pedro 


St., Los Angeles, Calif. 
Circle 733 on Page 19 


Permanent-Magnet Alloy 


can be formed in a 
wide variety of shapes 


Cunife copper-nickel-iron perma- 
nent-magnet alloy possesses high 
coercive force and energy product 
values, as well as excellent ductility, 
malleability, and machinability. It 
has greater uniformity than that 
previously associated with similar 
permanent-magnet alloys. It can 
be stamped, machined, or otherwise 
formed readily by conventional 
methods into a wide variety of com- 
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Zytel’ 


one of Du Pont’s versatile 
engineering materials 


Revolutionary advance 
in rifle making... 


Remington Nylon 66 
of structural 
Du Pont ZYTEL’® 


Remington’s history-making design uses Du Pont ZYTEL 
nylon resin—here’s the first rifle ever to be made with a 
structural-nylon stock! 

ZYTEL is one of the toughest, most durable organic ma- 
terials known. The stock is chip-proof, waterproof, oilproof. 
ZYTEL nylon is light in weight, too . . . the new gunstocks 
have !/s the weight of wooden stocks with no loss in rugged- 
ness. Even when soaked in water, these stocks will not warp. 
There’s no need for lubrication. ZYTEL permits complete 
integration of stock, receiver and barrel . . . allows toler- 
ances that deliver the most trouble-free autoloading 22 
action ever known. The stability of ZYTEL makes it possible 
to use three-point micro-bedding of the barrel for match- 
rifle accuracy at moderate cost. ZYTEL is heat-resistant. 
Hours of steady firing have no effect on the stock. The 
moldability of ZYTEL insures perfect 16-to-the-inch check- 
ering. The colorability of ZYTEL ushers in a new era in 
stock design. The new Nylon 66 comes in two distinctive 
colors, Seneca green and Mohawk brown. 

The strength, durability, abrasion resistance, low-fric- 
tion properties of ZYTEL offer you many possibilities when 
you design a new product or component, or wish to sim- 
plify and update an existing product. On the following 
page are more examples to suggest profitable design im- 
provements for your products. 


NEW REMINGTON 22 is the 
first rifle with a structural- 
nylonstock. Madeof Du Pont 
ZYTEL nylon resin, the stock 
is light in weight and dura- 
ble under all field conditions. 


(Nylon 66 autoloading 22 

ra | rifle manufactured by Rem- 
: ington Arms Company, Inc., 

; Bridgeport 2, Connecticut.) 


REG. Us, Pat. OFF 


FOR BETTER 





Outstanding properties of ZYTEL 


vital to many improved designs 


ELECTRICAL LIMIT SWITCH made with 7 
parts of ZYTEL lasts at least 5 times as long 
as former switches made with metal or other 
plastic components. The low friction and 
wear of ZYTEL enabled parts to hold to 
required dimensions after 65,000,000 test 
cycles, and the high arc resistance of ZYTEL 
prevents are tracking. (Limit switch is 
molded by Berea Plastics Co., Berea, Ohio, 
for R. B. Denison Mfg. Co., Bedford, Ohio.) 


COUNTER for instruments such as clocks 
and high-speed money counter uses drums, 
gears and other components molded of 
ZYTEL. Reasons: ZYTEL can be molded to 
close tolerances, and it offers the abrasion 
resistance and high fatigue endurance re- 
quired for long, trouble-free service. (Mold- 
ed by B & B Plastics, Inc., Oakville, Con- 
necticut, for Haydon Instrument Company, 
Waterbury, Connecticut.) 


In addition to excellent electrical properties and resistance 
to corrosion, the mechanical properties of ZYTEL nylon resins 
usually give longer wear, even when subject to abrasion, 
impact or temperature extremes. 

Du Pont ZYTEL may well help you save money by reduc- 
ing production costs and giving improved performance under 
adverse conditions. Find out how by filling out and sending 


in the coupon below. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. A: 123 


Room 2507Z, Nemours Building, Wilmington 98, Delaware. 
I am interested in evaluating ZYTEL for the following use: 





Name 


Alathon’ 





Company 





Street 


Position 





Zone 


State 





City 


In Canada: Du Pont of Canada Limited, P. O. Box 660, Montreal, Quebec. 


one of Du Pont’s versatile 
engineering materials 


PIPE FITTINGS molded of ZYTEL are used 
to connect plastic pipe with plastic or 
metal pipe. Pressure grooving and 
threads are molded into complex hollow 
shapes. Toughness and resistance to 
corrosion are typical of the properties 
you get with ZYTEL. (By Nylon Molded 
Products Corp., Garrettsville, Ohio.) 


POLYCHEMICALS DEPARTMENT 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING 
. . THROUGH CHEMISTRY 


y fin ie nylon resins 


° Delrin’ * Lucite’ 





NEW PARTS AND MATERIALS 





plex, intricately shaped parts which 
require no costly finishing opera- 
tions. Alloy is suited for use in a 
broad range of applications requir- 
ing close tolerance parts with strong 
directional magnetic properties. It 
is available as finished magnets 
formed or fabricated to meet spe- 
cific design and application require- 
ments. It is also offered as wire and 
strip in an extended range of sizes, 
shapes, and widths. Hoskins Mfg. 
Co., 4445 Lawton Ave., Detroit 8, 
Mich. 
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Roller Chain 


has extra clearance between 
linkplates, pins, and bushings 


Tuf-Flex roller chain incorporates 
engineering features that provide 
extra durability and flexibility to 
meet service demands of heavy con- 
struction and industrial machinery. 
Extra clearance between linkplates 
and between pins and bushings per- 
mits up to 4-in. lateral displace- 
ment and 8-deg twist for each 4 ft 
of chain to accommodate sprocket 
misalignment. Extra clearance also 
reduces stiffness after periods of 
idleness and exposure to mud, dirt, 
and weather. Straight linkplates 
transmit loads in a straight line to 
provide greater load capacity and 
withstand higher shock and peak 
loading. Chain is available in four 
pitch sizes which meet both mili- 
tary and ASA specifications and 
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FINISHED BORE SPROCKETS 


SAVE TIME AND MONEY 


Choice of 99 sprocket sizes 
' able'in single widths from 3 
& al or 1” pitch exclusively 
Marked for easy identification 
Complete with standard keyways 


and set screws 


433 different bores, all com 
pletely machined 
No reboring required 


diate delivery from 


of distributors 


A terrific saving in time and money. . . 
reduces downtime . . . reduces maintenance cost 


ACME finished sprockets are stocked in single widths from 34” to 
1” pitch inclusive. 99 Sprocket tooth sizes with more than 433 dif- 
ferent bores provide a wide selection range. 

All finished bores are completely machined. Bores are accurately 
finished and are concentric to sprocket pitch and bottom diameters 
within A.S.A. standards. 

ACME also carries a complete line of sprockets such as Grip- 
Master and Stock Sprockets. 

Call your nearest ACME CHAIN Distributor. 


He has the full cooperation of 
our Engineering Department. 





Write Dept. 6-E 

for new 100-page 
illustrated technical 
catalog including new 
engineering section 
showing 36 methods of 


: . MASSACHUSETTS 
chain adjustments. 





COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS + DOUBLE. PITCH 
CONVEYOR CHAINS «+ STAINLESS STEEL CHAINS + CABLE CHAINS ~* 
FLEXIBLE COUPLINGS + STANDARD AND SPECIAL ATTACHMENTS 
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g Runout 


ona24" 
Shaft... 


“ motor problems 


Holding runout tolerances on a 
motor shaft extending 24” beyond the 
motor frame poses a difficult design 
problem. To reduce runout, many man- 
ufacturers have resorted to compli- 
cated andexpensive outboard bearings 
and shaft supports. To avoid this prob- 
lem, one such company* came to 
Holtzer-Cabot, which in cooperation 
with the company’s engineers, devel- 
oped a motor with a special extended 
end cap and a heavier shaft. The re- 
sult: less than .005 runout at one inch 
from the end of the 24” shaft. 

Write for Information! Holtzer- 
Cabot specializes in the design and 
manufacture of fractional horsepower 
motors for all types of applications. 
For complete details on Holtzer-Cabot 
motors for specific applications, and 
a copy of “Key Factors in Selecting 
AC Motors for Instrument Service” 
write direct or use Readers Serv- 
ice Card. 

*Name on request 


HOLTZER- CABOT 


MOTOR DIVISION 
National Pneumatic Co., Inc., Boston 19, Mass. 
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| permit installation on sprockets cut 


for offset sidebar chain and stand- 
ard roller chain. Offset connecting 
links can be installed easily and 
quickly because a drive fit is re- 


| quired through only one linkplate. 


Diamond Chain Co., 402 Kentucky 
Ave., Indianapolis 7, Ind. 
Circle 735 on Page 19 


Miniature Positive Clutch 


has magnetically engaged 
positive-acting crown teeth 


No. CT14 miniature positive clutch 


| is designed for instrument applica- 
| tions where a minimum space is 
| available for the clutch. Positive- 


acting crown teeth are magnetically 


| engaged and spring-released. Teeth 
| are pitched for easy engagement at 


very low rpm, and then smooth ac- 
celeration drives the load. Clutch is 
1!/ in. in diam and over-all length 
is 34 in. It develops 80 oz-in. torque 
and may be wound for 28 v dec. 
Sheave can be mounted easily on 
the driven hub which also serves 
as an armature. Other types of 
mountings are with worm and spur 
gears. Stearns Electric Corp., 120 N. 


| Broadway, Milwaukee 2, Wis. 
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Solenoid Valve 


is three-way 
directional-control unit 


Large capacity three-way valve has 


been added to the A Series line of 


| solenoid valves. Available in 3/32, 


14, and 5/32-in. orifice sizes, valve 
provides directional control of air, 
foo and inert gases, and can be used 


| on vacuum down to 5 microns. 


F heniiaa and light in weight, valve 
mounts in any position directly to 
the line and operates on pressure 
differentials to 250 psi, depending 


| on orifice size. Body is die-cast zinc 
| and internal parts are stainless steel 
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BUNT! 


BEARINGS — 


* 


engineering for both cost and mechanical requirements in the bearing field . . . 


Bunting can help you identify and procure the bearing or part that 

will do your job at the lowest possible cost. Often a re-examination of the 
actual mechanical needs of a bearing application reveals an opportunity to 
save money in design. Another saving is almost invariably achieved 

by considering ALL the new bearing materials which Bunting 

makes available to you today. Let Bunting help you 

engineer your bearing application in the light of 

modern availabilities. Send in your blueprints 

or ask for engineering counsel. 


This cast bronze cam block, made * 
to unusually close limits with very 

an example of how to save weight fine finish, is absolutely round and 

and money on the cost of large, true to size with cost at a feasible 
thick-wall bearings and parts figure 


Clearly evident is the economy in 
the production of this shifter fork 
by Bunting Powder Metallurgy 
The elimination of machine work 
effects striking cost reduction 


sf This cylinder gland bearing made 
of Bunting Bearing Aluminum is 


BUNTING ENGINEERS... Bunting maintains a staff of bearing engineers whose wide 
experience and specialized knowledge are available to you gratis for study and recommendation 
concerning your current or contemplated bearing applications. 


Write for 
these: 


The BUNTING Brass and Bronze Company + Toledo 1, Ohio - Phone EVergreen 2-3451 


NO. 158 «GENERAL CATA- 
LOG—Complete listings of 
Cast Bronze and Sintered 
Bronze Stock Bearings and 
Bars and Bunting Bearing 
Aluminum Bars. Pocket 
size edition. 


a ail) 


NO. 1 « « « ENGINEERING 
HANDBOOK OF POWDER 
METALLURGY—A compre- 
hensive technical treat 
ment of engineering and 
manufacturing of sintered 
metals, bearings and parts 


NO. 46 « TECHNOLOGY OF 
BUNTING BEARING ALU- 
MINUM — A _ technical 
treatise on the composition 
of and machining Bunting 
Bearing Aluminum Bar 
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BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF CAST BRONZE, SINTERED METALS OR ALUMINUM ALLOYS 
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NEW PARTS AND MATERIALS 


to resist corrosion. Soft synthetic 
inserts provide bubbletight  seal- 
ing. Skinner Electric Valve Div., 


| Skinner Chuck Co., Dept. DCA-156, 
| 105 Edgewood Ave., New Britain, 


| Conn. 
Circle 737 on Page 19 | 


Glass Capillary Tubing 


in sizes from 0.0015 
to 0.014-in. OD 


Micro-glass capillary tubing is avail- 


| able for use in research in the phar- 
| maceutical, chemical, and electronic | 
| industries. Sizes range from 0.0015 
| to 0.014-in. OD, with standard tol- 


erances held to + 0.0002 in. Tubing 
is available in standard flint, non- 
corrosive flint, lead, and _heat-re- 
sistant-type glasses. It is made in 
standard lengths of 6 ft or can be 
supplied to specifications. Friedrich 
& Dimmock Inc., Millville, N. J. 
Circle 738 on Page 19 


Miniature Plugs 


in 10, 16, 28, 34 
and 50-contact layouts 


Cannon/Tuchel microminiature and 
miniature plugs are designed for 
extensive use in aircraft, portable 
instrumentation, and other minia- 
ture electronic equipment. Plugs are 


available in 10, 16, 28, 34, and 50- 








It is just plain common sense to 
“Look before you leap” when 
selecting a flexible coupling. 


An inferior coupling causes 
wear and damage to your 
machines — resulting in high 
maintenance costs and costly 
shut-downs. 


Troublesome maintenance 
problems are eliminated when 
you specify Thomas “All-Metal” 
Flexible Couplings to protect 
your equipment and extend 
the life of your machines. 


Write for Our New 
Engineering Catalog 60 
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NOT ALL GEAR SHAPERS CUT GEARS 


. .. a lot of them are in production, cutting parts having non-involute shapes 
of various kinds. Many designers take full advantage of the versatility of the 
Gear Shaper by designing odd-shaped parts that can be easily and economically 
generated by merely using special Fellows cutters and fixtures on their standard 


Fellows machines. 

The almost unlimited variety of work includes square and elliptical shapes, 
cams, pawls, pump rotors, etc., both internal and external. 

Remember this plus value which helps guarantee a full, profitable work load 
on your Fellows generating equipment. 

The Art of Generating with a Reciprocating Tool’, a fact-packed 48-page 
catalog, gives details on this versatile production technique. May we send you a 
free copy? 


No. 4GS Fellows Gear Shaper 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont, U.S.A. 


Branch Offices: 


1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N.J. 
THE 5835 West North Avenue, Chicago 39 


PRECISION 
LINE 
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6214 West Manchester Ave., Los Angeles 45 


Gear Production Equipment 





In 
fasteners 
for 
industry... 


it’s dependability 
that counts ! 


Yes, life often rests on the dependa- 
bility of the fastener. 

Whether for bridges, pressure pip- 
ing, skyscrapers, railroads, trans- 
formers or tunnels . . . or even your 
personal car, it’s the dependability of 
the fastener that counts. The fastener 
must be stronger . . . more dependable 
than the part. 

When you visit our manufacturing 
facilities and control laboratories, 
you will see for yourself how we build 


dependability into our IMPACT- | 


FORM’D nuts, bolts and screws. 


IMPACT-FORM’D Screw and Bolt fas- | 


teners are produced to customer de- 

mand every day: 

e free-—vr interference-fit rail bolts 

e high strength heat treated bolts for 
heavy construction 

¢ close tolerance components for ma- 
chinery 

e screws for electronic equipment 
and accessories 

Whether you follow industry stand- 

ards or have your own specifications, 

IMPACT-FORM’D Screw and Bolt fas- 

teners have the dependability you 

need. 


VMA 69¢7 


SCREW AND BOLT CORPORATION 
OF AMERICA oft! | m 


DIVISIONS: Pittsburgh 
Gary - Southington Hardware 
American Equipment 


America’s Most Complete Line of Industrial Fasteners 
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| reversible by 
' Speed is directly proportional to 


NEW PARTS AND MATERIALS 


contact layouts. Insulation mate- 
rial is white polyester which with- 
stands temperatures to 356 F. Nomi- 
nal current per contact is 3 amp, 
and nominal voltage is 60 v. Con- 
tacts are silver-copper alloy and ac- 
commodate No. 26 gage wire. Fe- 
male contact is constructed of 
“springy” parts which rub against 
male contact, In operation, male pin 
contact is gripped tightly by the 
female contact. Cannon Electric Co., 
3208 Humboldt St., Los Angeles 31, 


Calif. 
Circle 739 on Page 19 


Hydraulic Cylinders 


for use with 
1000-psi pumps 


Power cylinders for use in medium- 
high-pressure hydraulic service, des- 
ignated Series L, are designed for 
use with 1000-psi pumps. They 
are available in bore sizes from | 
through 8 in. Cylinders are of 
square head and tie-rod design, and 
provide case-hardened and hard 
chromium-plated piston rods as 
standard. Dripfree rods and leak- 
proof ports are also furnished, and 
14 different mountings are avail- 
able. Power Cylinder Div., Hanni- 
fin Co., Dept. 116, 501 S. Wolf 
Rd., Des Plaines, IIl. 

Circle 740 on Page 19 


DC Timing Motor 


has Inconel rotor cage 
to resist corrosion 


Improved dc timing motor, Series 
MD-83, is a permanent-magnet 
type employing commutator and 
brushes of new and improved con- 
Rotor cage of Inconel 
insures maximum life and corro- 
Timing motor is 
changing _ polarity. 


DURASEAL 


THE 
ENGINEERED MECHANICAL SEAL 


presents 
operation 


-able 


depend-able 
Dura Seals are custom engi- 
neered and assembled to provide 
customers with mechanical seals 
that will meet their specific appli- 
cations. 


interchange-able 


many component parts of Dura 
Seals are interchangeable — a 
feature that extends greater vers- 
atility and reduces inventories. 


avail-able 


service interruption is minimized 
by prompt availability or replace- 
ment parts. Stocks are maintained 
at Baton Rouge, La., Borger and 
Houston, Texas, Kalamazoo, Los 
Angeles, Newark and St. Thomas, 
Ont., Canada. 


FOR FURTHER INFORMATION 
... WRITE FOR DURA SEAL 
CATALOG NO. 480MD 


DURAMETALLIC CORPORATION ° 
KALAMAZOO, MICHIGAN 
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE... 


Stable operation from +700 to -70 F 


Under searing heat or sub-zero cold, 
General Electric resistors maintain their 
rated ohmic values. Actual laboratory 
tests have proved that these vitreous- 
enameled resistors hold their rated 
resistance under ambient temperatures 
from +700 F to —70 F. 


These General Electric resistors are 
available in over 1400 combinations of 
ratings (5 to 200 watts), types, and 
mountings. Stable operation is but one 


of their outstanding qualities: They 
have sufficient terminal strength to hold 
up to 21 pounds of right-angle pull, 
and special terminals are available to 
hold up to 34 pounds. Their vitreous- 
enamel coating provides resistance to 
adverse atmospheric conditions. 


Like to know more? Ask your Gen- 
eral Electric Apparatus Sales Engineer 
for a free set of sample resistors and 
test them yourself! And mail this cou- 


pon today for the 36-page catalog con- 
taining complete information on ratings, 
dimensions and ordering directions. 


NEED OTHER COMPONENTS? 
General Electric also has complete 
lines of contactors, relays, and plate 
rheostats for all your control needs. 
For more information, contact your 
General Electric Sales Engineer or mail 
this coupon today! Industry Control 
Department, Salem, Virginia. 


GENERAL @@ ELECTRIC 


D-c contactors and relays—feature new 
“building-block” construction to give maxi- 
mum flexibility with minimum inventory. 


Plate-type rheostats—windings are complete- 
ly encased in metal to give longer and 
more reliable service for any application. 
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Section 784-C23 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 


O GEA-6592—Vitreous-enameled resistors 
0 GEA-6474—Plate-type field rheostats 
0 GEA-6621—D-c contactors and relays 


Company____ 
| Address __ 
| 
| City 
| 
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Lincoln 


Model 5745 


(J 


LEAKPROOF BUTTON HEAD FITTINGS 


FOR FILLING AIR SUPPLY LINE LUBRI- FOR LUBRICATING TRACK ROLLERS ON 
CATORS WHILE AIR PRESSURE IS ON CRAWLER TRACTORS 


For any application where you want the oil or grease to get in the bearings and stay 
there, design your product with Lincoln’s new Mode! 5745 leakproof (14"’ pipe thread) 


button head fittings. 
Engineered to provide volume flow of lubricant without restriction, these fittings 


are precision-machined and case-hardened to withstand the extreme wear encountered 
on farm implements, contractors’ equipment, conveyors and other types of heavy 


machinery. 
Lincoln fittings provide a smooth surface for contact with the coupler, prevent 


excessive wear on coupler packing, and will not ‘“‘leak back” or ‘‘drool’’. 


Specify Lincoln leakproof button head or 
hydraulic fittings as original equipment. 


@ 
4 Las) Fa Write the O.E.M. Division today for 
further information, 


LINCOLN ENGINEERING CO. 


oe oR 
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NEW PARTS AND MATERIALS 


voltage, within specified limitations. 
Constant voltage speeds from 1/15 
to 60 rpm, with standard windings, 
can be supplied. Standard voltages 
are 6, 12, and 28 v. Lifetime lu- 
bricated for maximum dependabil- 
ity, motor features a totally en- 
closed gear train. Mounting is in- 
terchangeable with all other Hay- 
don timing motors. Haydon Div., 
General Time Corp., 245 E. Elm 
St., Torrington, Conn, 

Circle 741 on Page 19 


Silicon Diodes 


miniature units provide 
34, amp de output 


New diffusion techniques have re- 
sulted in the first of a series of 
miniaturized 750 ma diffused-junc- 
tion silicon diodes featuring low 
reverse current at rated peak re- 
verse voltages, high surge-current 
rating, and low forward voltage drop 
at rated current. Axial-lead diodes 
are designed primarily for industrial 
and television applications where 
miniaturization and high power- 
handling capabilities are required. 
Complete series provides peak re- 
verse voltage ratings of 200, 400, 
500, and 600 v, and an operating 
temperature range from -—65 to 
+130 C. Each junction is en- 
capsulated in a stable, high-tempera- 
ture, nonmetallic case, resulting in 
an excellent environmental seal. 





i 
ALL THE HORSEPOWER GOES THROUGH THE COUPLING 


‘ 


The Basic Reason 
Why it Pays to Use AJAX 
FLEXIBLE COUPLINGS! 


For Original Equipment It costs far less to 


and Replacement... safeguard bearings, 
gears, impellers, 


armatures, housings, and other working parts than 
today’s high cost of repairs and shutdowns! 
Whether you design, build, install, operate or 
service direct-connected machines, look into all 
extra economies of AJAX FLEXIBLE COUPLINGS. 
Made in a complete line of types and sizes,— 
phone or write for catalog. 
a) 


DIHEDRAL oe) 


ouars (UY 


RUBBER-CUSHIONED 
SLEEVE BEARING TYPE 


AJAX FLEXIBLE COUPLING CO. INC. 
102 Portage Road, Westfield, N. Y. 
In Canada—The Alexander Fleck, Ltd.,"Ottawa 


Send catalog covering Flexible Couplings. 


Name 





Concern 
Address 
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Cardinal Manufacturing Co., 
Kansas City, Kansas 


In Producing 
10,000 TY 
Picture Tubes 
) =) ae) Kod ot o Meee 


An Unusual Problem... 


How to dry picture tubes quickly—from the inside—after pouring 
screen. Natural drying had proved too slow—not only from an 
output standpoint, but also because the screening material lost 
its strength unless dried quickly. Narrowness of the necks of 
tubes posed a further problem . . . eliminated the use of conven- 
tional drying methods. 


A Practical Solution... 


A Spencer blower was arranged to de- 
liver air at the required 165°F, utilizing 
controlled heat of compression. This 
Ag heated air is carried through insulated 
Neon Tube lines to individual jets (each with multi- 
| ice ple outlets) at rack-table arrangements. 
110 tubes are processed simultaneously. 
Drying time of only 8 to 12 minutes is 
required. 





Drying Detail 


j Inverted 
TV Tube 





BLOWER SPECIFICATIONS 





TYPE: Spencer Turbo-Compressor 
H.P.: 15 
AIR DELIVERY: 450 C.F.M. @ 4 p.s.i. 











Drop a line for information on how a Spencer blower—standard 
or specially adapted—might help solve your product or process 
design problem. Spencer blowers are available in standard capa- 
cities for 1/3 to 1,000 H.P., volumes up to 20,000 C.F.M. 
pressures 4 oz. to 10 Ibs. 


Request Catalog 126A containing complete 
specifications on Spencer Blowers. 


Mine) od —3 [Ont =H 8 


= TURBINE COMPANY 
HARTFORD 6, CONNECTICUT 
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Typical units measure 0.29 x 0.20 
in. diam, excluding leads. Inter- 
national Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 
Circle 742 on Page 19 


Neon Lamps 


for use as bright indicators 
or circuit components 


RLT2-27-1 


Four new high-current lamps have 
voltage ranges from 55 to 80 v de, 
and life to 5000 hr. Three units con- 
tain radioactive additive for reduced 
dark starting effect. Lamps are de- 
signed to be used as circuit compo- 
nents and bright indicators. Current 
is 6.0 to 20.0 ma. Signalite Inc., 
Neptune, N. J. 

Circle 743 on Page 19 


Variable-Speed Sheaves 


in two new sizes 


of 10 and 15 hp 


Two sizes of MS _ variable-speed 
sheaves bring the number of models 
in this series to seven, covering a 
range of 2 to 15 hp. Additions are 
MS-100-10, 10 hp at 1750 rpm, 
and MS-100-15, 15 hp at 1750 rpm. 
Both have maximum pitch diame- 
ters of 10 in. Pulley design elimi- 
nates fretting corrosion as well as 
freezing and sticking. Torsionally 
resilient rubber keys located out- 
side bearing surfaces transmit belt 


MacHINE DEsIGN 





TRU-LAY PUSAR\\. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL ; 
FLEXIBLE CONTROLS can help solve your design prob- | COMPLEX MECHANICAL 
lems. They provide positive remote control over long ( * LINKAGE 
or short distances—up to 150 feet from the control gw rf 
point. Because they operate while flexing, they can : as ; 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- nenpye 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
a ‘ rugged duty prevails, but where 

Minimum Maximum Input operation must be smooth and 
Recommended Load in Pounds accurate. Meets all require- 
Control Radius (Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty « Gives smooth, 

accurate and dependable per- 

formance at low cost. Available 

30 with your choice of several types 
of knobs. 


65-125 Selective Friction « Amount of 
friction can be changed to meet 
115-175 individual requirements of the 
operator or application. Friction 
300-600 constant at any setting. 


Position Lock e A slight turn of 
700-1,000 the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 
































Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 


A 


PUSH R\\\. DATA FILE shows how 


AtaysAy to simplify, improve design 
ONTeg PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
ea ae They’re factory-lubricated for life, unaffected by temperature ex- 











Uy 
bby, 





tremes, and can be adapted to practically any application. For com- 
ame plete details on how you can use them, write for the PUSH-PULL DATA 

FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


-PUSH-PULL CONTROLS 


Automotive and Aircraft Division « American Chain & Cable Company, Inc. 
601-A Stephenson Bidg., Detroit 2 
6800-A East Acco Street, Los Angeles 22 * 929-A Connecticut Ave., Bridgeport 2, Conn. 








Naren eee wares he oor Oates afte 
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Readout Counter used 
in Tape Preparation for 
Machine Tool Control 


A Veeder-Root Series 1538 Remote Data Readout Counter 
provides tape feed control for the motorized tape punching 
unit of the new Potter & Johnston Tape Control System. 
The tape punch is used to program machine functions on 
P & J Automatic Turret Lathes. The counter automatically 
controls the amount of tape feed required for each turret 
face involved, and stops the tape at preselected address 
points. When the correct address point is reached, a com- 
bination of holes representing the machine command is 
punched into the tape. Counter is automatically reset for 
each turret face. 








POSITION 


Servo Repeaters 
Drive Counters 
to Indicate 
Lineal Motion” 


One of the ways to take 
advantage of digital read- 
out for indicating and 
recording information at remote points is through servo 
repeaters. Applications in aircraft, for altimeters, naviga- 
tional displays and similar instrumentation, suggest many 
other opportunities to use counters for more positive indi- 
cation and control. A typical “‘system”’ is shown here where 
a counter is used for indicating nuclear reactor rod posi- 
tion. The servo repeater and counter actually form one 
packaged unit, and the 

whole device can be pot- 

ted for environmental pro- 

tection. When used to 

drive counters, the servo 

gear ratio is best selected 

to provide full scale 

travel of the counter 

for one revolution 

of the control 

transformer 

shaft. 




















\ Output shaft 
to counter 


Typical servo repeater/counter device 
that converts synchro data to digital readout. 


Let Veeder-Root help you make Counters do more! 
Extensive design experience and precision production tech- 
niques make it possible for Veeder-Root to help you solve 
a wide variety of digital, readout, control and recording 
problems with counters — from the simplest ratchet to 
advanced readout and navigational devices. Send for in- 
formation on specific applications or contact your local 
Veeder-Root Counting Engineer. 


*Reprinted from CONTROL ENGINEERING June 1959. Copyright© 1959 by McGraw-Hill Pub. Co., 
Inc. Allrights reserved. 


oat, 
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Veeder-Root Readout Device 
This is the basic series of Remote Data Readout 
Counters. Some are available for standard applica- 
tions, or design variations will be submitted based 
on requirements. They function basically as analog 
to digital converters. 


Series 1538/electrical reset/ * 
electrically actuated. Speed 
1000 cpm, 3 or 5 figure 


Series 1538/electrically actuated/ 
manuol reset. Speed 
1000 cpm, 3 or 5 figure 


Series 1606/mechanically actuated manval 
reset standard; bi-directional 

(non-reset) available. Speed 

5000 cpm, up to 5 figures 


Veeder-Root 


HARTFORD 2, CONNECTICUT 


"The Name that Counts” 


"New York * Chicago * Los Angeles * San Francisco * Seattle 
St. Lovis * Greenville, S.C. * Altoona, Pa. * Montreal 


Offices and Agents in other principal cities 
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torque, Bearing surfaces are reoiled 
with each rotation of the pulley. 
Sheaves are designed for use with 
angled motor bases and V-groove 
companion sheaves to provide a 
V-to-V drive. T. B. Wood’s Sons 
Co., Chambersburg, Pa. 

Circle 744 on Page 19 


Spring Wire 
for 600 to 1000F service 


Precipitation-hardening —_ austenitic 
alloy, NS-A286, is available for 
spring wire for 600 to 1000 F service. 
Low-cost material is finding initial 
application in jet engines and gas 
turbines. It experiences as little as 
half the percent-relaxation loss at 
1000 F as comparable alloys at 850 


F. Sixteen hours at 1350 F precipi- 


tation-hardening is recommended 
for springs after they are coiled to 
increase physical properties and to 


improve stability to 600 to 1000 F. | 


National-Standard Co., Niles, Mich. 
Circle 745 on Page 19 
Reversible Timing Motors 


feature brake and 
clutch action 


Reversible timing motors incorporate 
automatic braking and clutching | 


actions made possible by causing 


motor to shift axially when motor | 


coils are energized. De-energizing 


the coils results in a positive brake | 
action which renders motor particu- | 
larly suitable for remote adjust- | 
ments of potentiometers, condensers, | 


and other control devices. Shift ac- 
tion can be modified to provide a 


free shaft when motor is de-ener- | 
gized. Modification is primarily rec- | 
ommended for timing or for other | 


applications where motor is required 


to have a positive drive when en- | 
ergized and no drag on output shaft | 
when de-energized. Automatic brak- | 
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LOCKING, — 
THREAD 
in center 
“of nut 


DOUBLE 

CHAMFER 
for hand or 
hopper feed 


THE MARK 
| OF QUALITY 
.. on all MF 
Lock Nuts 


The Maclean-Fogg Two-Way Lock Nut has the 
features designers and production men want. 
Check them off: (1) It is double chamfered—goes 
on from either side—is ideal for either hand or 
hopper feeds. (2) The lock is in the center of the 
nut—permits fastest starts—allows bolt end to 
be below or flush with top of nut. (3) Two-Ways 


are economical; reusable; better looking on your 
finished product. 


MAC LEAN- FOGG 
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Circle number on reply 
card for catalog and 
technical data. 








Practical 
Design Tips 


No. 4 of a series 





BALL PLUNGERS WORK BETTER than spring plungers when 
side loads are involved. Balls won’t bind from side thrusts, 
retract easily. Available in new, “Mini-ball” sizes, down to 
#4-48x3/16”; standard sizes from #10-32x1/2” to 
5/8-11x1”. Various end pressures, 





NEED A SMALL, LIGHTWEIGHT, SPRING-LOADED LATCH? 


One enterprising designer modified a standard Vlier S-88 
Spring Stop that did the job perfectly, Entire latch weighs 
less 1/8 oz. Body is die-cast aluminum; plunger is 
heat-treated alloy steel. Various plunger pressures, Avail- 


eee eweeeeeeeevreeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeeeeeeseeeeseesee Pee 


Hundreds of companies are now saving by using 
off-the-shelf Vlier products like the ones shown 
below. These simple, low cost, precision parts save 
designers time and, in many cases, simplify product 
design and manufacture. Why not investigate their 
possibilities today. 





TORQUE-LIMITING WRENCH for assembling small parts, 
adjusting set screws, etc., is easily made from a Vlier 
Torque Handle and a length of hexagon stock. Prevents 
over-tightening, and subsequent damage to parts. End 
pressure is adjustable from 15 to 200 Ibs. 


eeeereeeeeeeeeeeeee 





FREE IDEA BOOKLET. Illustrations in this 16-page booklet 
show how others have profited from the use of Vlier prod- 
ucts, Illustrates both the usual and unusual applications. 
May suggest ways you can save. Write for your copy today. 


able on quantity orders only. 
Engineering Corporation Vy 
A subsidiary of Barry Controls, Inc. 
8900 Santa Monica Blvd. * Los Anaeles 46, California 
532 Circle 552 on Page 19 MacuHine Desicn 
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ing and clutching features are avail- 
able on complete reversible-motor 
line. Bristol Motors, Div., Vocaline 
Co. of America, Old Saybrook, 


Conn, 
Circle 746 on Page 19 


Pressure-Sensitive Tape 


of Teflon for 
high-temperature design 


Temp-R-Tape TSP noncorrosive, | a. 
pressure-sensitive tape utilizes a press ‘ “y EN 
silicone-polymer adhesive and a iad ‘ 


skived Teflon-film backing to which 


a special primed surface is applied. coimean V, 
Total thickness of the tape, avail- A 1 
able for high temperature design, ‘ a 


is 0.006 in. Treated surface accepts 
encapsulating resins and electrical 


varnishes, and can be marked with 7 for high quality, long wearing 


almost any commercially available | 

ink. Tape is recommended for elec- ; parts at low cost 
trical applications where high | § P ge 

dielectric strength, low power fac- | 
tor, and negligible moisture absorp- 
tion are important. High elonga- 
tion provides a tight wrap over 
sharp bends and compound sur- 
faces. Tape is immediately avail- oe e Available centerless ground or as cast 

able from stock in 4 to 1-in. | : e Lengths up to 6’, 1” to 14” diameter 

widths, in 18-yd rolls. Connecticut | - e Choice of analyses—GC Meehanite, GA Meehanite, 
Hard Rubber Co., 407 East St., | , Ductile Iron, Ni-Resist, Ductile Ni-Resist 

New Haven, Conn. | . | e Eliminates pattern equipment costs 


Here are reasons why you will want to learn more 
about Shenango solid bars and centrifugally cast 
tubular bars for quality parts produced on your 
automatic screw machines or lathes: 


Circle 747 on Page 19 | : e Increases production output 

iat e Small quantity ordering reduces inventory 

e Fast delivery to exacting specifications 

seit e Machines with a free-cutting chip, nota fine powder 
for hydraulic circuits — i e Special solid bar shapes available ... hexagonal, 
with pressures to 10,000 psi | ; square, rectangular and oval 


Three-Way Valve 


Write on your letterhead for a machining sample. 
Centrifugally Cast Products Division, The Shenango 
Furnace Company, Dover, Ohio. 


Three-way, on-and-off valve is 
available for remote control of hy- 


CENTRIFUGAL 
CASTINGS 


COPPER, TIN, LEAD, ZINC BRONZES. © MANGANESE AND ALUMINUM BRONZES 
MONEL METAL e¢ NI-RESIST «© MEEHANITE® METAL ¢ ALLOY IRONS ¢ DUCTILE IRON 
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GEARS 


£4 
te 


newest 
f 


machines... 
i 


‘to drive 


EFFICIENTLY, 


produced ECONOMICALLY 


FAIRFIELD 


Getting into production on new models 
and new machines often calls for quick 
action to meet desired time schedules. 
FAIRFIELD CAN HELP YOU! 


As one of America’s largest independent 
producers of GEARS and DIFFEREN- 
TIALS, Fairfield’s facilities are complete. 
You get the benefits of newest high capac- 
ity machines coupled with regular big 
volume output in an ultra-modern plant 
designed exclusively for producing fine 
gears EFFICIENTLY, ECONOMICALLY. 
Check with Fairfield NOW on your gear 
requirements. Call or write. FAIRFIELD 
MANUFACTURING CO., INC., 2307 S. 
Concord Rd., Lafayette, Indiana. Tele- 


@ phone 2-7353. 
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draulic units having spring, manual, 
or gravity-ram return. No. 1734A 
is intended for hydraulic circuits 
with pressures to 10,000 psi. Con- 
trol handle moves to three positions 
—ram advance, hold, and ram re- 
turn. In hold position, ram _pres- 
sure is maintained while pump is 
operating. Valve block has three 
34-in. NPT pipe outlets, one for 
high-pressure take-off, and two for 
high- and low-pressure take-off from 
the pump. Greenlee Tool Co., Rock- 
ford, Ill. 
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Electric Counter 


for high, medium, or 
low speed use 


| Model 6-Y-1-RMF electric counter 


has a life rating of 30 million counts 


| at a speed of 1000 counts per min- 
| ute, with operating speeds up to 


1200 cpm at normal voltage. 


| Counter is accurate at high, medi- 
/ um, or low speeds. It features a 
| strong, silent, fast-operating  sole- 
| noid, with a compact, built-in recti- 


| fier for ac operation. 


Precision- 


| molded plastic number wheels are 
| sharply printed with large white 
| figures on a_ black background. 
| Counter, corrosion-resistant 


throughout, is housed in a rigid, 
one-piece, die-cast frame. It is not af- 
fected by shock and vibration. Du- 


| rant Mfg. Co., 1933 N. Buffum St., 


| Milwaukee 1, Wis. 
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| Spray Nozzle 


has square spray pattern 


| New spray nozzle provides a full 


| square-spray pattern 


and wide- 


| angle projection. It is available for 


| installation on 


spray manifolds 


TRACTORS * HEAVY DUTY TRUCKS « AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES * ROAD GRADERS © BUSES « STREET SWEEPERS © INDUSTRIAL LIFT TRUCKS 


where open area is dimensionally 
limited. Average spray angle of 110 
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How 


KEYSTONE 
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stands-in for you 
throughout our operations 


People of unquestioned authority in our plant are 
the quiet men in control of quality. You meet 
them everywhere, in lab jackets or work shirts, 
along the flow of a thousand different production 
items from raw materials to shipping pallets. 

It’s the job of Keystone Quality Control to make 
sure that material specs are met, that 

| sane dimensional accuracy is on the nose—these 
things, and many more. 


If your part is heat treated for desired final 
physicals (we carburize, carbonitride and anneal 

by the most modern methods available), our quality 
people see that the properties are there. They 

also check to assure precise density control and 
completely alloyed structures, so that tensile and 
crushing strengths and other values will 

measure up at all stages of the process. 





Equipment, as well as people, are key factors in 

close control of quality. We pride ourselves 

Es in having the most complete inspection department 
so that all our checking can be directly compared with 

yours. From the simplest mechanical gauges, through 

visual comparators (up to 30-inch), to the ultra-accurate 
electronic measuring apparatus for super-close checking, 

we are with you all the way. 





What can this mean to you? Just this. For many of 
America’s leading manufacturers Keystone is a 

“Certified” vendor whose shipments receive only periodic 
spot checks. That’s confidence, and time and money 

savings, too. We'd like to tell you the rest . . . and show 
you. If you're a user of metal powder parts or expect to be 
soon—come and see for yourself. Why not set a date? 


CYMINL canson company 


POWDERED METAL PARTS DIVISION 
ST. MARVS, PA. 
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ROLLUAY MAXIMUM BEARINGS 


. . « « « What's the limit: Heat? Shock? Speed? Or complicated 
radial and thrust loads? 

Name the combination of requirements . . . and chances 
are you'll find them met by a Rollway Maximum precision 
radial cylindrical roller bearing. If not, then Rollway engineers 
will modify any factor to meet your application. 

Rollers are crowned to prevent end-loading and the 
resultant spalling of races. Directional trueness is maintained 
by retainers of standard bronze or “Rollube” ferrous alloy 
of one piece or two piece construction. 

You may wish to refer to the Rollway Catalog and Engineering 
Data Book when writing specifications for a high precision bearing. 
It contains the first listing, by any manufacturer, of the thrust 
capacities of cylindrical radial roller bearings. Send for it today. 
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ENGINEERING OFFICES: 


Syracuse Boston Chicago Detroit 
Toronto Pittsburgh Cleveland 
Seattle Houston Philadelphia 

Los Angeles San Francisco 


ROLLWASY 


BEARINGS 


COMPLETE LINE OF RADIAL AND T 


MACHINE DesIGN 
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be i: 

deg provides wide coverage within 
a short distance between spray noz- 
zle and work. Square spray pattern 
on manifold, multiple-nozzle instal- 
lations permits keeping spray over- 
lap to a minimum while still pro- 
viding total coverage. Nozzles are 
supplied in capacities from 5.9 to 
48 gpm at 30 psi, in male or female 
pipe connections. Spraying Systems 
Co., 3274 Randolph St., Bellwood, 


Ill. 
Circle 750 on Page 19 


Container Latch 


has ultimate tension 


limit of 1000 Ib 


No. 46L container latch with only 
five parts has an ultimate tension 
limit of 1000 lb. Over-center toggle 
geometry is built within the latch 
itself, eliminating any possibility of 
the latch springing open due to 
movement of container sections 


caused by shock, vibration, buckling, 
or misalignment. Camloc Fastener 
Corp., 22 Spring Valley Rd., Par- 
amus, N. J. 
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Weatherproof Motors 


have epoxy-encapsulated 
insulation system 


Duty Master weatherproof ac mo- 
tors are available in frames 180 
through 445U (1 through 125 
horsepower) in all standard speeds 
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importance 
of being 


BISTABLE 


(especially if you're a transistor driving a relay) 


If you’ve been toying with the idea of 
using a transistor circuit to drive a relay, 
here are some facts of life that may save 
you grief later on. The watchword is bistable 
operation — particularly with regard to the 
transistor. 


What can make a mess of an otherwise 
compact, cool, low standby-power tran- 
sistor is a driving circuit that leaves the 
little pill neither saturated nor cut off. The 
transistor is then very apt to become an 
unstable, variable gain amplifier, when it 
should be taking a firm stand in favor of 
either “on” or “off”. The thing to do is 
design the input circuit properly so that it 
is responsible for the transfer from one 
stable state to the other. (The Schmitt 
trigger circuit is an excellent for instance.) 


Once you've got the transistor operating 
as a flip-flop and not as an amplifier, a good 
relay to use is a bistable type. Then the 
relay simply monitors the condition of the 
driving circuit, and success is practically 
around the corner (maybe). Magnetic 
latching relays are just such switches — 
and they have the added advantage of need- 
ing no standby power. Naturally, we have 
all sorts and kinds which all carry the 
designation “Form Zzzzz- 


You won’t be completely out of the 
woods, however, until you’ve given some 
thought to (a) operating speed and (b) 
nature of the transistor load. As for the 
former, you may be on the verge of tran- 
sistorizing a tube-relay circuit and wonder 
why, all else being equal, the relay will 
operate slower from transistors. Although 
the transistor will do all sorts of wonderful 
things on less power, one thing it won’t do 
on less power is hurry the relay. The remedy 
is adding some external resistance and rais- 
ing the source voltage— or lowering the 
impedance of the relay. As for the load the 
transistor must switch, it is well to remem- 
ber that if it’s inductive (and a relay coil is) 
and the energy cannot be safely dissipated 
in the transistor, you’d better find another 
outlet. The lack of “arc suppression” in 
transistor circuits, when needed, may not 
produce juicy blue sparks but the result is 
the same — quite rapidly. 


Some of our application engineers are 
notoriously bistable, and depending on 
which state they are in when they hear from 
you, will undoubtedly send you either (+) 
circuit design ideas (based on the use of a 
Sigma relay) or (—) some zzzzz-inducing 
printed material on bistable applications. 
Zatisfaction guaranteed. 


SIGMA 


SIGMA INSTRUMENTS, INC. 


89 Pearl Street, So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939) 
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Design 

Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 





Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 


They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 


DUFF-NORTON CO 


a ee ed 


1 MR FE Oa Ome Rete emma | 


and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD-66av. 


PANY 


Four Gateway Center e Pittsburgh 22, Pa. 
COFFING HOIST DIVISION « Pittsburgh, Pa. 


DUFF-NORTON JACKS 


Ratchet « Screw 
Hydraulic « Worm Gear 


COFFING HOISTS 


Ratchet Lever e« Air 
Hand Chain « Electric 
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and voltages. Motors have an epoxy- 
encapsulated insulation system. Sta- 
tor windings are thoroughly encap- 
sulated in epoxy resin for resistance 
to moisture, oils, dust, chemicals, 
acids, and alkalies. Bearings, ex- 
posed internal metal surfaces, hard- 
ware, and mechanical parts are also 
protected against damage from the 
elements and contaminating atmos- 
pheres. Class B insulation system 
employs polyester round-copper 
magnetic-coil wire, epoxy-insulated 
glass-fiber sleeving, epoxy-treated 


glass-fiber cloth slot liners, and 
phase insulation. Separators and top 
sticks are glass-mat base epoxy-resin 
laminate, and lead cable is protected 
by moistureproof silicone rubber. 
Motors have solid cast-iron frame. 
Reliance Electric & Engineering Co., 
24701 Euclid Ave., Cleveland 17, 
Ohio. 
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High-Gloss Plastic 


for molded and sheet 
consumer products 


Easy-processing, high-gloss variety 
of Kralastic ABS plastic, called 
Kralastic MH, is now available for 
molded and sheet consumer prod- 
ucts. Kralastic ABS plastics have 
good dimensional stability, high 
mechanical strength, and excellent 
resistance to impact, corrosion, cold 
flow, and heat. Composition of 
Kralastic MH has been modified 
so it can be molded at high speeds, 
and molded parts have gloss and 
decorative appearance. Processing 
techniques used with the material 
include injection molding, vacuum 
forming, and sheet or profile ex- 
trusion. Molded parts can be ma- 
chined, drilled, painted, metallized, 
cemented, and nailed. Plastic with- 
stands continuous exposure to tem- 
peratures to 185 F. It has good 


abrasion and mar resistance, and is 
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Technical-ities 
By Fred E. Graves 


Fastening of 
gasketed joints 


The right fastener for a “flex- 
ible” joint rests on type of 
gasket material and its com- 
pressibility. Total preload on 
all the fasteners in the connec- 
tion must be enough only to 
compress the gasket and pro- 
vide sufficient additional clamp- 
ing force to withstand the 
hydrostatic test pressure. More 
than this brings on a good 
chance of leakage, through 
“bowing” of the clamping plate. 


Exaggerated sketch showing how too 
much torque tends to distort clamp- 
ing plate and leads to leakage. 


HYPOTHETICAL CASE 


Suppose a joint is tightened 
with Grade 5 Hex Screws to 
their yield strength, and leak- 
age develops. By going to alloy 
screws and tightening still 
further you would still get 
leakage. But Grade 2 Hex 
Screws, all torqued evenly, 
would no doubt solve it. 


ACTUAL CASE 


The fasteners on one product’s 
flange had to withstand a 4000 
pound hydrostatic pressure. 
But the hard asbestos gasket 
used took a bolt load of 28,000 
pounds for sufficient compres- 
sion to seal. By substituting a 
rubber and fibre gasket in this 
case, bolt load could be reduced. 
So could bolt size, thereby sav- 
ing 73% on fasteners. 
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Using Hex Screws in 
tapped holes saves money 


In the cast “coupon” shown above, 
the hex screws were torqued tight 
and removed 50 times—then torqued 
to failure. Note in the cutaway that 
the casting’s threads are still per- 
fect with no sign of stripping. It 
was the screws which broke—a clear 
demonstration that castings fas- 
tened with hex screws will suffer 
no thread damage during repeated 
disassemblies. 


TWOFOLD BENEFIT 


When there are no space clearance 
problems or other special require- 
ments, using studs of l-inch diam- 
eter or smaller often penalizes the 
user. First, in direct costs, since the 
more economical hex head screws 
will do the job to specification. And 
second, in production costs, since 
studs require that tapped holes have 
an interference thread fit, which 
in turn results in slow, “selective” 
assembly to determine properly 
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mated threads. Hex screws need 
only a clearance fit, assemble faster. 


ACTUAL EXAMPLE 
In one of his surveys of fastenings 
used by one company, the RB&W 
engineer pointed out that over 250 
stud fastenings were being used in 
a large refrigeration unit. The same 
number of hex screws, costing $8.45, 
saved $22 over the studs and nuts. 
Annually, the total would be $7,800 
on the production run of this unit. 

Not to be overlooked either was 
the tangible saving on the less crit- 
ical tapping job required. 

RBé&W offers its help on your 
specific fastener problems, or an 
overall survey of your fastener 
usage. Contact Russell, Burdsall & 
Ward Bolt and Nut Company, Port 
Chester, N. Y. 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; Rock 
Falls, Ill.; Los Angeles, Calif. Additional sales of- 


fices at: Ardmore (Phila.), Pa.; Pittsburgh; Detroit; 
Chicago; Dallas; San Francisco. 
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® 
only Ms G | LL Effective sealing of the CAMROL cam follower against moisture, 


dirt, chips, etc. guarantees longer service life . . . reduces 


sealed CAM ROL ® maintenance. This sealed construction retains lubricant and 


eliminates need for frequent relubrication, so often undesirable in 


cam followers give you... cam action, guide support and track roller applications. 
Special seals are built in at stud and flange ends. A black oxide 


effective sealing 


finish on all exposed surfaces offers outside corrosion resistance. 
prelubrication The channeled reservoir above the rollers in the outer raceway bore 
helps store reserve lubricant, sufficient in most cases for lifetime 
high radial and shock capacity service. Relubrication is possible through convenient oil holes. 

The new SCF sealed CAMROL cam followers interchange with 
proven standard CAMROL cam followers. Standard stock with roll 


diameters up to 4” are available for both stud and shaft mounting. 


in a full range of sizes 


x) 
s. 4 For maximum bearing life where contamination is a problem, 
, specify sealed CAMROL cam followers. Ask your McGill 


representative or our engineering department for recommendations. 


Write for Catalog No. 52-A 


engineered electrical products — ~~ 
o, 
\) precision needle roller bearings 


McCIL. MANUFACTURING COMPANY, INC., BEARING DIV., 200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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not corroded by a range of acids 
and oils. Naugatuck Chemical 
Div., United States Rubber Co., 
1230 Avenue of the Americas, New 


York 20, N. Y. 
Circle 753 on Page 19 


Photoelectric Cells 


are 50 per cent more sensitive 
than previous units 


Type 5 photoelectric cells, available 
in almost any shape or size to meet 
exacting specifications, are 50 per 
cent more sensitive than previous 
cells. The self-generating selenium 
units are available in various spheri- 
cal or cylindrical shapes, or as flex- 
ible strips which can be _ twisted 
into a variety of spiral designs. 
Sizes range as small as 1/16 in. 
square. Current sensitivity has been 
increased by 2 to 1 ft-c, and po- 
tential sensitivity has been increased 
by 5 to | ft-c over former cells, In- 
corporating barrier-layer design, 
cells have highest output consistent 
with stability, and are highly re- 
sistant to mechanical damage. They 
convert light energy into electrical 
energy without physical or chemi- 
cal change in light-sensitive com- 
ponents. Weston Instruments Div., 
614 Frelinghuysen Ave., Newark 12, 
N. J. 
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Transistor Clip 


for vertical or 
horizontal mounting 


Subminiature transistor clip formed 
of tempered beryllium copper and 
finished with a flat black matte is 
suitable for vertical or horizontal 
mounting. Clip has a case of 0.300 
to 0.324-in. diam, and is available 
in two lengths to accommodate most 
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as much yours 
as though they 
came off your own 
board 





power units by WISCONSIN 


AVAILABLE 
MODIFICATIONS 


FUEL SYSTEM — 

gasoline, natural gas or LPG 
(for domestic use) and 
alcohol, kerosene, or No. 1 
fuel oil (for export). 


ELECTRICAL EQUIPMENT — 
electric starter-generator 
system or electric starter only 
for all models. Solenoid 
switches and automatic choke, 
for remote or automatic 
Starting, also available. 


HYDRAULIC POWER — 

all Wisconsin V4's can be 
equipped with integrally- 
mounted hydraulic pump. 
POWER DRIVE — 

centrifugal clutch; over-center 
clutch; clutch reduction or 
reduction assembly in a variety 
of ratios; adaptor to take a 
spring-loaded clutch; or transmis- 
sion-torque convertor designs. 


DIRECT DRIVE — 

special crankshaft extensions 
are available threaded, tapered, 
splined, special diarneters 

and lengths, various keys, etc., 
for close-coupled pumps, gen- 
erators, and other equipment. 


SAFETY DEVICES — 
low-oil-pressure cut-off switch 
for 2- and 4-cyl. models, 

and high-temperature safety 
switch for all models. 


OTHER ACCESSORIES — 
automotive and spark-arresting 
mufflers, pre-cleaners, drive 
pulleys for flywheel, and 
rewind starters for ACN and 
BKN engines. 


Do you have a special power problem? If you 
do, you can save development time and cost 
by letting Wisconsin help you solve it — with 
custom-engineered modifications to meet your 
particular installation requirements down to 
the smallest detail. 


Our “spec” engineers are power specialists, 
backed by over 50 years of engine specializa- 
tion. They can draw on a wealth of problem- 
solving experience in every field of engine- 
power application. Their counseling is part of 
Wisconsin custom-engineering service — and 
it doesn’t cost you a red cent. 


For best results, consult our engine specialists 
during the preliminary and design stage of 
your product development. In the meantime, 
send for Bulletin S-249 and familiarize your- 
self with the entire Wisconsin line of air-cooled 
engines — 3 to 56 hp. Write Dept. O-10. 


WISCONSIN MOTOR CORPORATION 
Manet, 


MILWAUKEE 46, WISCONSIN : 


World's Largest Builders of 
Heavy-Duty Air-Cooled Engines 
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BLOWERS 


Heinze D Blowers dissipate 
heat in a variety of cooling oper- 
ations — such as in electronic 
equipment, vending machines, 
refrigeration units, induction 
heaters, photographic dark 
rooms. 

Single unit delivers up to 55 
cfm at 3200 rpm; double unit op- 
erates at 3100 rpm to deliver 100 
cfm. 

Both units are powered by 
long-lasting, trouble-free 2 pole 
induction motors, with hp rat- 
ings from 1/150 to 1/100, CW or 
CCW, 115V, 60 cycle. Other 
voltages or 50 cycle operations 
are available. 

Send coupon for catalog. 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 


Heinze Electric Company, Dep't. D 
685 Lawrence St., Lowell, Mass. 


Please send free catalog on Heinze Sub-Fractional 
Horsepower Blowers and Motors. 


Name & Title 
Company 
Street & No 
City & State 
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styles of medium-power TO-5 tran- 
sistor cases. Small, turned-up tab 
at one end catches rim of transistor 
and forces top against a large, flat 
back-plate which serves as a heat 
sink and radiation member. Another 
small tab on the bottom is depressed 
into mounting surface, providing a 
firm grip and preventing clip from 
twisting. Entire clip is formed from 
one piece of material, and its total 
weight is 3/100-0z, yet it has ex- 
cellent holding power and ability to 
dissipate heat, Atlee Corp., 47 Pros- 
pect St., Woburn, Mass. 
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Ball Valves 


for operating temperatures 


to 150 or 250 F 


Top-entry, top-adjusting thermo- 
plastic ball valves are made of un- 
plasticized polyvinyl chloride for 
operating temperatures to 150 F and 
Penton chlorinated polyether for hot 
corrosive service to 250 F and 
higher. They are furnished in 1/ 
through 3-in. nominal pipe sizes, 
threaded or socket type. Top-entry 
feature of the new ball valves makes 
it possible to perform on-the-line 
maintenance almost instantaneously. 
Easy access to working parts with- 
out disconnecting piping is achieved 
by unscrewing valve bonnet and lift- 
ing out molded, one-piece ball-and- 
stem and_ self-lubricating Teflon 
seating inserts, Adjusting nut on the 
valve bonnet enables adjustment of 


os 
CURTIS HELPS 


THIS SWITCH LIVE TO 
A RIPE OLD AGE 





Pad-mounted transformers for under- 
ground power distribution systems are 
built to last a lifetime. They require a 
minimum of maintenance. Settings are 
changed infrequently. But when a change 
is required, this switch must operate 
smoothly and surely. To insure a long, 
dependable life, without freeze-ups or 
rust-outs, the manufacturer equipped it 
with a Curtis C-646 1” O.D. Stainless 
Steel double universal joint. 

This kind of dependability is the stock- 
in-trade of Curtis joints — size for size 
the strongest universal joints designed 
for industry. Selected materials, precision 
engineering, continuous testing, inspec- 
tion and quality control at every stage 
of manufacture — these are some of the 
things that make Curtis joints your most 
dependable buy. 


14 SIZES ALWAYS IN STOCK 
34” to 4” 


Not seld through distributors. Write or phone 
REpublic 7-0281 for latest catalog, free engi- 
neering data and price list. 


CURTIS 


UNIVERSAL JOINT CO., INC. 
56 Birnie Ave., Springfield 7, Mass. 


As near to you as your telephone. Rustoctvaly 
@ manufacturer of universal joints since 191 
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Morse...frontiersmen in kinematics 
which works on earth or the moon! 


Ready to help in the world of new ideas 


Are your ideas bogged down by ‘“‘do-it-yourself”’ 
development obstacles? 


From the “‘think”’ stage through the full manufacturing 
responsibility, Morse engineers have earned their chev- 
rons in the automotive and aeronautical fields for over 
60 years. Their ideas can be most helpful in giving your 
ideas their needed boost. 


Identified in the science of kinematics, Morse capabili- 
ties are widespread, but best known in the production 
of basic chain drives, gear reducers, couplings and 
clutches . . . single components or complete power drives. 


Let your design imagination go in the world of new needs! 


June 9, 1960 


Put the Morse powerhouse of supporting facilities 
backed by Borg-Warner’s ultra-modern Roy C. 
Ingersoll Research Center on your team. The best way 
to start is by calling: Morse Chain Company, (Dept. 
6-60), a Borg-Warner Industry, Ithaca, N.Y. In 
Canada: Morse Chain of Canada, Ltd., Simcoe, Ontario. 


World’s largest manufacturer of precision parts 


A BORG-WARNER INDUSTRY 
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THEN HERE IT IS...FROM PHILADELPHIA 


Here's new high efficiency in heavy duty worm gear drives 
that has never been available before. Helical attachments 
for double and triple reduction units combine the efficiency 
advantage of helical gearing with the high ratio advantage 
of worm gearing. You save on power... operating tem- 
peratures are lower... gearing lasts longer. 


New high capacity, too. Improved tooth forms, precision 
ground alloy steel worms, special high strength bronze 


gears, heavy duty housings, precision ground helical gearing 
...all add up to higher capacity in less space. In many 
instances you can save up to 50% in space, 40% in weight. 


Delivery from stock of any drive arrangement and any 
mounting arrangement. Ratios from 5%:1 to 6150:1. Center 
distances: 3 in. to 21 in. Torque control attachments are 
also available from stock. For complete data, write for 
catalog WG-60. 


philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


King of Prussia, Pennsylvania (Suburban Philadelphia) 
Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va. 
INDUSTRIAL GEARS & SPEED REDUCERS © LIMITORQUE VALVE CONTROLS © FLUID MIXERS © FLEXIBLE COUPLINGS 
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ball seating force from the top. Tube 
Turns Plastics Inc., Louisville 11, 
Ky. 
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Thin Motor 
has NEMA Type C 


face mounting 


Thinline motor, designed for use on 
pumps, gears, and _ propeller-type 
fans, has NEMA Type C _ face 
mounting. Both dripproof and _to- 
tally enclosed constructions are 
available in ratings from 1 through 
5 hp at 1800 rpm, 34 through 3 
hp at 1200 rpm, and !% through 
2 hp at 900 rpm. New motor is as 
much as 7 in. shorter and 20 per 


cent lighter than equivalent stand- 
ard NEMA Type C face round 
frame motors. Frame and endshields 
are of rigid cast-iron construction. 
General Electric Co., Schenectady 
5, N. Y. 
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One-Component Adhesive 


is high-strength, modified 
epoxy-resin type 


Scotch-Weld EC-1595 is a one-com- 
ponent, modified epoxy-resin adhe- 
sive that permits easy application 
techniques and provides unlimited 
working life for bonding high-vol- 
ume metal and plastic structural as- 
semblies. Adhesive provides metal- 
_ to-metal bonds with shear strengths 

of 2500 psi at 75 F, maintains high 
strength over a service temperature 
range of —67 to +300F, and ex- 
ceeds requirements of MIL-A-5090B 
(Class A) and MIL-A-8431 (Type 
1) specifications. It has high creep 
resistance under constant stress, ex- 
ceptional adhesion to metals anu 
plastics, and excellent resistance to 
water, 20 per cent salt spray, hy- 
draulic oil, and aromatic fuel. Ad- 
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perforated materials 


Passage or control of air, sound, light or 
fluid . . . decorative concealment... 
component protection... eye catching, 
sales-building beauty—if your product 
requires any or a// of these features, 
you'll find the design and functional 
versatility you need in the Harrington & 
King line of perforated materials. Just 
four of H & K's new patterns are illustrated 
here. There are many more contemporary 
and traditional designs, all available in 
steel sheets for shipment from stock. 


And there is also a vast selection of 
additional patterns and open areas which 
can be custom fabricated from existing dies. 
H & K can perforate practically any 
material. May we put our more than 75 years 
of experience to work for you? 


De in eT tae 


tO go gt Str gy O= 


Listed Under 
“Perforated Metals” 


Send tl Odin 75 and/or Stock List milling new patterns 


eee & ing 
PERFORATING CO. INC. 


CHICAGO - NEW YORK 
pn ee ee See eS eee 





To: Harrington & King Perforating Company., Inc. 
Mail coupon to nearest 


Harrington & King office Please send me: (] GENERAL CATALOG No. 75 
« © STOCK LIST of Perforated Sheets 
Chicago Office & Warehouse 
5670 Fillmore St: NAME 
Chicago 44, Illinois 





TITLE 





+ 
New York Office & Warehouse COMPANY 
114 Liberty St., Dept. MD 
New York 6, N. Y. 





STREET. 











CITY ZONE STATE 








He ms SS SS SSS SS 
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On this Simple © 
_ Slotted Head Screw 
OUR CUSTOMER 


Alay 


OVER $20.00 


per thousand pieces 


for 
COLD HEADING 


THE PROBLEM: 

Cost of this special slotted 
head screw, when machined 
from bar stock by our 
customer, was considered 
too high. 

SPECIAL REQUIREMENTS: 
Head must be tapered and 
slotted. Thread gage must 
go to within 1% threads 
of shoulder. 

SOLUTION: 

Production by Clark utilizing 
cold heading process. 

SAVINGS TO CUSTOMER: 

Over $20.00 per 1,000 pieces. 

Send sample or blueprint for 

prompt analysis and quotation 

... at no obligation. 


CLARK 


1 Los :(e) & melee 
MILLDALE, CONN. 
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hesive is self-filleting which makes 
it excellent for honeycomb-sandwich 
construction. It can be applied by 
knife coating, spatula) notched 
trowel, or flowing into place. Film 
thickness of 2'% to 5 mils is desir- 
able for optimum performance. Ad- 
hesives, Coatings and Sealers Div., 
Minnesota Mining & Mfg. Co., 900 
Bush Ave., St. Paul 6, Minn. 
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Bellows Assemblies 


for high-temperature 
gas lines 


High-temperature gas bellows as- 
semblies are used in pairs. As- 
semblies allow 0.11 in. for 5 in. 
of angular offset movement to re- 
lieve the problem of expansion and 
contraction in the lines due to 
change in gas temperature. Bel- 
lows sections are machined bel- 
lows, designed for operating pres- 


o 


sure of 1400 psig with gas tempera- 
tures to 1200 F. Material selection 
is determined by the specific appli- 
cation. Hydrodyne Corp., 7350 
Coldwater Canyon, North Holly- 
wood, Calif. 
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Coolant Pump 


for machinery with 
shallow reservoirs 


Gusher Model 9-P3 sealless pump 
is a flange-mounted type with one 
internal and two external dis- 
charges, right and left hand, re- 
spectively. Pump is designed pri- 
marily for machinery having com- 
paratively shallow reservoirs. It 
will continue to pump until liquid 
level is at the extreme bottom of 
inlet port, minimizing possibility 
of air locking even with frothing 
liquids. Prelubricated, ball-bearing 
motor is 1/10 hp, with one-piece, 





ba OB) 8 
DESIGN 
TRENDS 


ARTHUR A fol 


Lube and hydraulic systems are 
simplified with new “integral 
design” pump elements 


Designers of machines employing 
lubricating pumps or low-pressure 
hydraulic systems can now achieve 
more compact design and _ reduced 
costs by integrating three matched 
Gerotor pump components directly 
into their mechanism. This space- 
saving innovation is now widely speci- 
fied for machine tool, automotive, 
aircraft and other fluid systems. 


S, 





Fig. 1. Three Gerotor components permit pump to 
be incorporated as integral part of housing or 
frame of mechanism, eliminate need for purchase 
and mounting of separate, complete pump. 


Consisting of an inner and outer 
Gerotor and an eccentric locator-ring, 
the unit becomes a complete pump by 
simply boring the casting or frame of 
the mechanism to accommodate the 
locator ring. O.D. and by providing 
porting. This design makes the main 
casting do double duty as the pump 
housing, thus eliminating a very con- 
siderable cost factor. A drive can 
be taken from any convenient shait. 
(Fig. 1.) 


The matched elements are as easily 
built-in as a 

simple anti- 4% 

friction bear- * 

ing would be. 

Further, the 

Gerotor pump 

is extremely 

flexible in its INTAKE CYCLE 


configuration 
and readily a- 
dapts to a wide 
variety of 
mechanism 

It 


geometries. 
will handle a DISCHARGE ome 


variety of 
fluids at rates up to 100 gpm and 
pressures up to 1,000 psi. 


The Gerotor pump is a positive dis- 
placement type, delivering a _pre- 
determined amount of fluid in direct 
proportion to speed. It is a form of 
internal gear pump — simple and 
compact in basic design, (has only 
two moving parts). It is lightweight, 
valveless, provides exceptional per- 
formance and has low wear over a 
long service life. It is balanced and 
extremely quiet in operation. (Fig. 2.) 
Investigate this cost saving develop- 
ment. Just send us information about 
the fluid you want to handle, rate of 
flow, pressure and dimensional limits. 
We'll provide specific recommenda- 
tions, estimated costs and technical 
data. 


W. H. NICHOLS CoO. 
Woerd Ave., Waltham 54, Mass. 
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It can if it’s made by sxe —be- 
cause all StS bearings, both 
ball and roller, offer special quali- 
ties at “production” bearing 
prices. 


Take the single-row deep-groove 
ball bearing featured here, as an 
example. Sis designs and builds 
this type to sustain heavy radial 
load and thrust load in either di- 
rection. Furthermore, it is engi- 
neered to run smoothly and 
quietly at normal speeds with 
grease lubrication—and at high 
speeds with oil. 


Can a standard bearing Yet this is a standard St ball 


bearing, mass-produced by auto- 


6“ ° 99 mated production equipment at 

offer you more bearing our plant at Altoona, Pa. You 
can quickly get this bearing in 

over 100 sizes, ranging from 54” 


for your money? to 15.748” O.D., and in a variety 


of seal, shield and snap-ring 
combinations. 


But why not find out what Sir 
offers in bearing quality, availa- 
bility and economy? Just call the 
Sts branch office nearest you, 


Angular 6001 


> : Contact Bearing .: 


Tyson* Tapered 
Roller Bearing 


Cylindrical ° 
Roller Bearing -: 


Spherical Roller 
Thrust Bearing 


Spherical 
Roller Bearing 


EVERY TYPE-EVERY USE 


okF, 


s cc. AOELF “32 PA 
Spherical, Cylindrical, Ball,“Wysen Tapered ond REED Miniature Bearings BEF INOUSTRIES IW MILAOELPHI 
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Gas -FIRED FURNACE 


— SAFETY PULOT 
—— 








A PRODUCT OF JANITROL HEATING 
AND AIR CONDITIONING, 

A DIVISION OF MIDLAND-ROSS CORP, 
COLUMBUS 16, OHIO 


When Janitrol designed the new J-LINE gas-fired counter-flow furnaces 
for basementless homes, they aimed at producing equipment to meet 
the highest contemporary standards for performance, economy and 
dependability. Precision-built throughout, the J-LINE models feature 
slim-trim styling, compactness, factory fire-testing, ‘‘deep well reser- 
voir” pre-lubricated sintered bronze bearings for blowers, safe, 
sure, positive controls, acoustical insulation and, of course, a new 
safety pilot incorporating Chace Thermostatic Bimetal. The action 
of this sensitive bimetal element prevents the flow of gas to the 
pilot and the main burners should the pilot light be extinguished. 


Here again is an example of precision control making an appliance 
so thoroughly safe that it is installed without hesitation by hundreds 
of thousands of contractors and home owners, usually close to the 
center of the living area itself. Janitrol buyers know that gas is the 
cleanest and safest of fuels because of Janitrol’s specialized skill 
and experience in building home comfort equipment to highest 
quality standards for over half a century. Chace, too, has con- 
centrated for over a third of a century on the development and 
manufacture of one outstanding product, precision thermostatic 
bimetal for thousands of applications — temperature control and indi- 
cation and equipment protection. That’s why Chace customers know 
their names are safe on the “outside” with Chace bimetal “inside.” 


If your new product is approaching the design stage, send for 
“Successful Applications of Chace Thermostatic Bimetal.”’ It contains 
illustrations and design data on more than 30 types. Remember, 
too, Chace bimetal is availiable in strips, coils and in completely 
fabricated elements of your design. 


W. M. CHACE CO. 
Thermostatic Bimetal 


1616 BEARD AVE., DETROIT 9, MICH. 
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balanced shaft into the pump. 
There is no metal-to-metal contact 
within impeller housing. Pump de- 
velops a maximum pressure of 10 
psig; capacity is 4 gpm at 9 psig 
and 27 gpm at | psig. Ruthman 
Machinery Co., 1800 Reading Rd., 
Cincinnati 2, Ohio. 
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Pressure Switch 
has very high sensitivity 


A-21 pressure switch attains un- 
usually high sensitivity by means of 
a stretched diaphragm pressurized 
by dry nitrogen. Solid Paliney con- 
tacts provide simple, rugged, de- 
pendable operation. Potential appli- 
cations include aircraft-cabin pres- 
surization protection, missile arm- 
ing, initiating events at preset or 
programmed altitudes, and many 


industrial-control system uses. As- 
tromics, Div., Mitchell Camera 
Corp., 611 W. Harvard St., Glen- 


dale, Calif. 
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High-Heat Paint 


for temperatures 


as high as 1700 F 


Heat-Rem H 170 is available in 18 
high-heat-resisting colors. Depend- 
ing on the shade used, it permits 
color coding or complete finishing 
of metal components subjected to 
temperatures from 600 to 1700 F. 
Colors contain a combination of 
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Koppers Sealing Rings 
give ensured actuation! 


Koppers solves diverse and difficult sealing proiems. 


Modern supersonic jets and dump trucks—as dissimilar as they 
appear—both depend on Koppers Sealing Rings for efficient 
hydraulic system operation. Koppers Predictable Performance 
Sealing Rings are used in a wide variety of applications . ... 
engineered to satisfy each requirement of both hydraulic and 
pneumatic sealing. 

Koppers has the technological skill, gained through 38 years 
of experience, to meet the most critical performance require- 
ments in any sealing application. Look to Koppers to solve 
your sealing problems. For an informative booklet on Metallic 
Sealing Rings write to: Koppers Company, INc., 6506 Hamburg 
Street, Baltimore 3, Maryland. 


» 





A Koppers Sealing Ring is applied to a B-58 actuator. 


SEALING RINGS 


Engineered Products Sold with Service 
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nonleafing aluminum and a metal- 
lic pigment. Aluminum particles re- 
main equally distributed and in con- 
stant suspension with the pigment, 
providing uniform coverage in the 
applied coat. Finish is resistant to 
moisture, corrosion, mild acids, al- 
kalies, and industrial fumes. Paint 
is available in quart and | and 5- 
gal cans. Speco Inc., 7308 Associate 
Ave., Cleveland 9, Ohio. 
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WAPAK 7 . Multiturn Potentiometer 


has continuous slide-wire 
H A R D E Ms E D WAY S resistance element 
LAST LIFETIME OF being tes 
e resolution multiturn poten- 
YO U Re M A C Ae | N E 5 tiometer for instrument and instru- 


Engineered from solid tool steel, WAPAK Hardened | mentation applications is designated 
Ways are uniformly hard through and through... | Type IR-150. It features a continu- 
No galling, scoring or other failure throughout life- _ ous slide-wire resistance element, 


time of your machines ... even under rugged service. | giving it the advantages of wire plus 
Carburized or laid steel ways also available in some 


sizes. 

MICRO-GROUND FINISH 

Utmost care is given to accuracy of finish on all 
WAPAK Hardened Ways. Micro-Grinding is fol- 
lowed by individual inspection of each piece with 
Profilometer. 


ENGINEERED TO SPECIFICATIONS 


WAPAK Ways are manufactured to your blue print 
specifications and normal deliveries maintained. 
Your machines are more reliable with WAPAK 
Hardened Ways. 


infinite resolution. Resistance tol- 
erance on the standard unit is +10 
Quality control inspec. [ae ., ? | per cent, and linearity tolerance is 
tor uses Profilometer to Tae —_—— Ge | 0.5 per cent. The 2.7-0z potentiome- 
sensmmincneti deaanaass | i 1 | ter operates in a temperature range 
7 ; of —55 to 100 C and is available 
from 2 to 35 ohms. International 
Resistance Co., 401 N. Broad St., 

Philadelphia 8, Pa. 
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Instrument Motor 


for remote positioning 
and control applications 


“7 —y RBC-2410 low-inertia instrument 

THE WAPAKONETA MACHINE CO. motor provides unusually high 

y cy d / | g starting and running torques, 

Knives ngineere for the fe ince 1891 coupled with low-coast (when de- 

WAPAKONETA 9, OHIO | energized) characteristics required in 

eee ena eee Tse eT ease cette 8 =§=6inost remote positioning and con- 

CHOPPERS ® HARDENED SPACERS ® GIBS * ROCKER PLATES ® WEARING PLATES @ BALL trol applications. Available with 
. R . f lin stries . 

RACES © WEAR STRIPS MACHINE LINERS MACHINE KNIVES for al dust heavy-duty gear reductions from 4:] 
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STARTERS IN 
SPIN-TYPE 
ENCLOSURES 


Here’s Allen-Bradley’s Bulletin 713 combination 
starter with circuit breaker—featuring conveniently 
removable spin-type cover and base—for use in 
hazardous gas and dust locations. Inside you’ll find 
the time-tested A-B Bulletin 709 solenoid starter. 

The consistent reliability of Allen-Bradley solenoid 
starters is a result of their design simplicity. With 
only ONE moving part, there’s virtually nothing to go 
wrong—this is your assurance of millions of trouble 
free operations. In addition, the double break, silver 
alloy contacts are always in perfect operating condi- 
tion—and remain so with no service attention. Also, 
all A-B starters have two permanently accurate 
thermal relays that protect motors against dangerous 
overloads. The reliability of these relays is not 
affected by atmospheric conditions. 

To insure maximum production with minimum 
maintenance, always insist on Allen-Bradley quality 
motor control. Please write for full information. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


-. ALLEN-BRADLE 


Member of NEMA 


ae 


bad 





Cutaway of Enclosure 

Shows Allen-Bradley combination 
starter. Screw-type cover and base 
permit quick access to the starter 
or the circuit breaker. 


A-B Bulletin 713 
Combination Starter 


NEMA 7 
Hazardous 
Gas Locations 


NEMA 8 
Corrosive 
Hazardous Gas 


NEMA 9 
Hazardous 
Dust Locations 


NEMA 4 
Watertight 
Weatherproof 
These enclosures remain available. Because of the trouble free opera- 
tion of Allen-Bradley control, bolted covers are not a problem. 





Quality 
Motor 
Control 


MORE MILLIONS 
OF OPERATIONS 


with 
Allen-Bradley 
Limit Switches 


There’s nothing now on the market 

to match the reliability and trouble free 

performance of Allen-Bradley Bulletin 

802T limit switches. They are 

completely oiltight—operating heads 

and switch bodies are sealed against 

oils, coolants, and metal chips. 

Operators cannot become sluggish or 

“stick” in operation—contacts cannot 

become fouled. The double break, 

silver contacts are always in 

perfect operating condition—and 

remain so without maintenance. a 
Insist on Allen-Bradley—the quality We 

line of limit switches that will give you x 

many more millions of trouble free operations. 


Bulletin 802T Micrometer Adjustment Roller Lever Limit Switch am 


A-B Limit Switch features mean more life, more dependable trouble free service 
| , 


' 
! 
4 
t 


REPETITIVE ACCURACY — Unique tog- FLEXIBILITY — All operating heads can FRONT MOUNTING REAR MOUNTING 
gle blade action assures operation at be rotated and fastened in any of four All Allen-Bradl i f 

precisely the same point each time, positions 90° apart. either se a — eo mounted 
without adjustment. : 


9-60-RM 


- ALLEN-BRADLEY| 32427" 


. ¥ 
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to 1800:1, total space required by 
motor and gear case, without out- 
put shaft, is 444 x 414 x 45% in. 
Typical performance ratings are 750 
oz-in. minimum starting torque and 
350 oz-in. running torque at 6 rpm 
and 50 per cent intermittent duty. 
Holtzer-Cabot Motor Div., Nation- 
al Pneumatic Co. Inc., 125 Amory 
St., Boston 19, Mass. 
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Glass Laminate 


is now available in 
thicknesses to 2 in. 


Glass-silicone laminated plastic 
Grade G-7, made with a glass fabric 
reinforced with silicone resin bind- 
er, is now available in sheets up to 
2 in. thick. Laminate has extremely 
good dielectric loss factor and insula- 
tion resistance properties under 
humid conditions, plus excellent 
heat and arc resistance. Sheet size 
of random 24 x 36 in. is now of- 
fered in thicknesses from !/, to 2 in. 
Grade G-7 sheets of 36 x 36-in. size 
are offered in thicknesses of !/, in. 
and less. Synthane Corp., Oaks, Pa. 
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Bimetal Disc Thermostats 


can be furnished with 
1 to 4 F differentials 


Certified Type MX bimetal disc 
thermostats are available with dif- 
ferentials of 2 to 6 F in standard 
units and | to 4 F on special order. 
Close differentials and snap-acting 
feature provide a high degree of 
temperature control for electrical 
and electronic devices. Weight is 
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“We recommend Banc-Lok tapped holes 
for attaching surface hardware to all of our 
hollow metal doors and frames. Easy to install, 
they provide more than sufficient holding 
power for the installation and function of 


heavy-duty hardware”, 


says E. A. Mauthe, Chief Engineer of the 
Building Products Division of American 
Welding and Manufacturing Company. 


Laboratory tests conducted by Amweld con- 
vinced them of Banc-Lok’s superior holding 
power. A test sample mounted with Banc- 
Lok tapped holes was subjected to a tension 
of 800 pounds, at which point the steel sheet 
itself began to bulge, but the Banc-Loks held 
firm. Such strength makes it possible for 
Amweld to eliminate costly reinforcement 
on 16 and 14 gauge frames. Amweld finds 
Banc-Loks “quick, simple, inexpensive and 
trouble-free”. 


Wherever screw threads with locking action 
are required Banc-Lok solves the fastener 
problem. Of one piece construction with no 
external threads, Banc-Loks are merely 
pressed into a prepared hole in a single 
operation, without special tools or extra 
locking devices. Find out how Banc-Loks 
can improve your product, save money— 


WRITE FOR OUR NEW CATALOG. 


BOOTS 


CORPORATION 


36 Newtown Turnpike, Norwalk, Conn. 
VI 7-2727 TWX NWLK 95-U 


BOOTS-WESTERN 


432 North Lake Avenue, Pasadena, Calif. 
MU 1-6679 TWX PASA CAL 7255-U 


Circle 574 on Page 19 





i a 


NE Geox eke 


Teflon’ Gaskets 
and “O” Rings 
Definitely Reduce 


Costs 


.. last for the life of the connection 
even in services such as concentrated 
acids, alkalis or solvents (except mol- 
ten alkali metals). 


... permit easy joint breaking without 
tearing or pulling—eliminate replace- 
ment cost and lost maintenance time 
for refinishing flange surfaces. 


...can be used again and again— 
assure decided savings where joints 
must be frequently broken for clean- 
ing and inspection. 


Reduce your corrosive sealing costs 
with John Crane Tefion Gaskets, “O” 
Rings and Back-Up Rings. They are 
available in a full range of types and 
sizes, envelope or solid, also specials 
to specification. Request Catalog 
P-327 for complete facts. 


Crane Packing Co., 6425 Oakton St., 


Morton Grove, Ill. (Chicago Suburb). 
In Canada: Crane Packing Co., Ltd., 
Hamilton, Ont. 


*DuPont Trademark 
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approximately 5 grams, and resist- 
ance to high g accelerations meets 
MIL-E-5272C. Several styles are 
available, either in semienclosed or 
hermetically sealed. types. Ratings 
depend on duty cycle as well as the 
number of operations required. 
Thermostats are rated, based on 
noninductive load, at 3 amp for 
25,000 operations, 30 v ac/dc and 
115 v ac, to | amp, same voltage, 
for 250,000 operations. Stevens Mfg. 
Co. Inc., P. O. Box 1007, Mansfield, 
Ohio 
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Heavy-Duty Transmissions 


convert constant-speed input 
into adjustable output speed 


| New Any-Speed transmissions for 


heavy-duty industrial service con- 
vert any constant-speed input power 
into an infinitely adjustable output 
speed. One or more adjustable 
speeds can be preset and selected, 
depending on choice of integral con- 
trol devices, in one or both direc- 
tions up to 1650 rpm. Designed for 
applications of 1 hp or less, units 
consume power only in proportion 
to work performed. There are no 
restricted flow or directional control 
valves used. Input speed is 1750 
rpm, and output speed at normal 
torque is variable up to 1650 rpm. 
Starting torque is 62 lb-in., nor- 
mal torque is 45 lb-in., and peak 
torque is 67 lb-in. Oilgear Co., 1570 
W. Pierce St., Milwaukee 4, Wis. 
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Rolled Epoxy-Glass Tubing 


has properties of 
NEMA G-II sheets 


Dilecto GB-125EFR rolled tubing is 


| made from epoxy resin-impregnated 


glass cloth that is rolled and cured 
on mandrels. Tubing is designed for 
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CAMBRIDGE METAL-MESH BELTS are 
the answer to the big problems you'll face 
in the competitive 60’s—tighter operating 
costs, higher production and consistent 
quality. 

Continuous movement of foods, metal 
parts, ceramics or chemicals on Cam- 
bridge Belts through processing operations 
speeds production and eliminates costly 
manual handling. Open mesh construction 
allows heat, cold or liquids to flow through 
the belt and around the product for 
thorough, uniform treatment. Superior 
belt design and manufacturing techniques 
mean longer life, fewer repairs, lower 
operating costs. 


Belts can be made heatproof, coldproof 
or acidproof — in any mesh, weave, metal 
or alloy — with any side or surface 
attachments. 


Have your Engineering Department 
call the Cambridge Field Engineer in 
your area. He'll be glad to discuss 
any aspect of Cambridge Belts — 
from manufacture to installation and 
service. He's listed in the yellow 
pages under “Belting, Mechanical”. 
Or, write for FREE 130-PAGE REFER- 
ENCE MANUAL, 


The Cambridge 
Wire Cloth Co. 


Department N * Cambridge 6, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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UTILIZATION 


— tells at a glance in hours and minutes 
the percentage of available time equip- 
ment operates . . . gives the complete 
picture of the work load requirements, 
production potential, need for addi- 
tional equipment. Sets up a sound basis 
for leased equipment, service con- 
tracts, and the sale of used equipment. 


MAINTENANCE 


— enables the establishment of main- 
tenance schedules on hours of use... 
the organized plan that saves money 
without cutting quality. Protects equip- 
ment and avoids costly interruptions in 
production schedules. 
« Distributors in Principal Cities 
WRITE FOR CATALOG 600 


Bohn W. Hobbs Corporation, 


A DIVISION OF STEWART-WARNER CORPORATION 


JEOTOL OL OTE 


TOTAL HOURS 


ALTERNATING CURRENT 
METERS available in 2!4” and 
3%” models in Bakelite case con- 
forming to applicable govern- 
ment specifications. DIRECT 
CURRENT meters also available. 


HOBBS PRESSURE SWITCHES 


Industry -approved for wide range 
of applications. Single circuit, 
dual circuit; single terminal, dou- 
ble terminal — a complete line. 


Symbol of 














2062 YALE BLVD. SPRINGFIELD, ILLINOIS = 
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ASSURED SELF-LUBRICATING SECURITY 


wre LUBRITE~’. 
Self - ubricaling BEARINGS 


Boking Ovens & High 
Temp Equipment 


Moteriols Handling Equipment 
Conveyor Systems 


Lubrite self-lubricating bearings offer great versa- 
tility in hundreds of fields where dependability 
and superior performance are of prime importance. 


Lubrite Bearings, with clean, permanent, 
maintenance-free self-lubrication are designed 
to withstand severe loadings, temperature ex- 
tremes, submersion, corrosion and other adverse 
conditions. 


Lubrite may be just the bearing you need in 
your designs to obtain better results. 


Consult our Engineering Department on your 
application. No obligation. 


Lif l = 
Chem ery Poper, Food, Rubber 


& Texti‘e Mochinery 





ae 


yi2 x 
a 

Steel Mill & 
industriel Mochinery 


Overposses & 
Structures 


~~ . 
Hydro-Electric Gote Beorings 
ond Accessory Equipment 











Send for this free 20- 
page Lubrite Manual No. 
55— it contains complete 
information, technical data 
and specifications about 
Lubrite Self-Lubricating 
Expansion Plates and 
Bushings. Write today! 


Available soon — New Manual No. 56 
with complete technical information about 
LUBRITE SELF-LUBRICATING BUSHINGS, 
BEARINGS & WASHERS. 


Write for your copy. 


LUBRITE DIVISION 


MERRIMAN 


BROS., 


INC. 


188 AMORY STREET, BOSTON 30, MASSACHUSETTS 
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use in transformers and other heavy 
electrical equipment and for use in 
military electronic equipment. It 
features excellent physical proper- 
ties, flame retardance, arc _ resist- 
ance, and high flexural strength at 
150 C. Tubing is available with 
3/16 to 1234-in. ID and 14 to 1314 
in. OD with minimum wall thick- 
ness of 1/32 in. Tubing length is 
38 in. Continental-Diamond Fibre 


Corp., Newark, Del. 
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Solenoid Valves 


have direct lift action 


Series 1500 solenoid valves insure 
reliable operation regardless of pres- 
sure drop or flow conditions, 
through use of direct lift action and 
full-ported construction. Bubble- 
tight, leakproof, and packless, valves 
are designed for pressures from 0 
to 1500 psi and for temperatures 
from — 350 to +450 F. Low in cost, 


they are available in bronze or stain- 
less steel in 14 to l-in. pipe sizes. 
Atkomatic Valve Co., 545 W. Ab- 
bott St., Indianapolis, Ind. 
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Rotary DC Solenoids 


provide high torque and 
precision rotary motion 


Rotary dc solenoids, available for 
applications where a combination 
of high torque and precision rotary 


MacHINE DesIcn 





NEW EMRALON® TFE COATINGS SOLVE HEAT SENSITIVE APPLICATIONS 


Acheson’s resin-bonded tetrafluoro- 
ethylene (TFE) surface coatings 
are finding ready acceptance among 
design engineers. Where previous 
limitations of pure TFE prevented 
its application on heat sensitive sub- 
strates, because of its 700° F. sinter- 
ing temperature, ‘“EMRALON’ coat- 
ings are being successfully used on 
rubber, light metals, woods, and 
plastic. One such impressive case 
history is outlined here. 


OVER $15,000.00 ANNUAL 
SAVINGS PROJECTED BY 
PROMINENT TIRE 
MANUFACTURER 


Dunlop Tire and Rubber Corporation, Buffalo, N. Y., estimates 
this considerable savings in down-time costs alone on the basis of 
nearly nine months production use of an ‘EMRALON’-coated 
belt conveyor. The particular belt involved is thirty feet long. Its 
importance in this company’s tire production is emphasized by the 
fact that it is located at the point of a previous bottleneck. Rubber 
strips, conveyed from a series of masticating mills to an extrud- 
ing press, formerly became stuck to the belting of this short-run 
conveyor immediately above the final masticator. The reason: 
the temperature of the rubber is elevated — through friction of 
the masticating process — to between 150° F. and 300° F. at this 
point. Belts had to be replaced anywhere from once every several 
hours to every six weeks. It was not unusual to have two or three 
stoppages every shift. The result: with the supply of rubber tem- 
porarily cut off, the entire department shut down. Costs ran $5.00 
a minute, and with these work stoppages averaging 20 minutes 
each, the accumulated expense became prohibitive. Since April, 
1959, the new belt has been in constant operation at this critical 
point in the masticating line. 
To date it has not been removed from the mill... ample proof of 
the extraordinary non-stick, adhesion and flexing qualities of its 
‘EMRALON’ coating! 
The woven conveyor belt is a product of Globe Woven Belting 
Company, Buffalo, N.Y. Application of Acheson’s ‘EMRALON’ to 
their belting was the outcome of a continuing research program 
headed by Globe Research Manager, Fred Kohlhagen. It is applied 
by standard commercial spray 
equipment to a film thickness of 0.7 
mils and then oven-cured at a tem- 
perature of 300° F. 
According to Mr. Kohlhagen, “This 
example will be only one of many 
success stories told about this coat- 
ing. ‘EMRALON’-coated belting can 
be used anywhere a slick, non-cor- 
rosive belting is needed. Those in 
the baking, canning, food process- 
ing, food packaging, and rubber 
fields should find immediate use for 
it.’ We might add that there are 
many other industries finding it ad- 
vantageous to use ‘EMRALON’... 
yours quite possibly is one of them. 
Why not write today for further carrying hot tunber throegh mast 
information? cating mill. 

‘dag’ is a trademark registered in the U. S. Patent office by Acheson Industries, Inc. 


‘EMRALON’ — coated conveyor belt 


‘EMRALON’ coating is shown being spray-applied 
on woven belting with conventional equipment, 








‘EMRALON’ ADVANTAGES PROVED 
IN MANY LIGHT-LOAD USES 


The growing list of production ap- 
plications for the new Acheson 
‘EMRALON’ surface coatings, is 
convincing proof of their versatility. 
That film pack, office machine, and 
lock mechanisms; rubber molds and 
oil seals; bakery dough handling 
equipment and countless other light 
load, solid-film lubrication problems 
have successfully been answered, is 
now a matter of record. 


With ‘EMRALON’ 310* — colloidal 
TFE in a phenolic resin solution — 
a one-hour cure at 300° F. is all that 
is necessary. And, for substrates 
even more sensitive to heat, ‘EM- 
RALON’ 320** colloidal TFE in a 
thermo-plastic resin carrier — is 
available. Both provide excellent ad- 
hesion, low coefficient of friction, 
flexibility, toughness, and corrosion 
resistance. Applied by conventional 
paint spray equipment, they allow 
easy production line conversion to 
‘EMRALON’ solid-film lubricants. 


‘EMRALON’ coatings represent the 
latest in a long line of widely ac- 
cepted Acheson products, one of 
which may offer a ready-made an- 
swer to your particular lubrication 
problem. We welcome the opportun- 
ity to be of service. Send for your 
copy of our Products List which out- 
lines the full line of Acheson Dis- 
persions. Address Dept. MD-60. 





**EMRALON’ we, is wy A ey exclusive 
license from E. |, duPont Cc y 
(Inc.) under U. $: Patent 2,825,706. Not licensed 
for use or for sale for use in providing electrical 
insulation. 


**‘EMRALON’ 320 — patent applied for. 


ACH ESON Lolloids Company PORT HURON, MICHIGAN 


A division of Acheson Industries, Inc. Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


Offices in: 


Boston » Chicago « Cleveland « Dayton « Detroit »Los Angeles» New York « Philadelphia « Pittsburgh » Rochester » St. Louis 
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DISPERSIONS 





PEM 
F 


The 


ORIGINAL 
Self-Clinching Fastener 


Fifteen years ago Penn Engineering and Manufacturing 
Company introduced the self-clinching fastener, provid- 
ing load-bearing threads in a wide range of—steel, alu- 
minum, brass and copper sheets, ‘too thin to thread.” 


THE ANSWER TO PRODUCTION FASTENING 


This unique, exclusive design was immediately recognized 

as the answer to production fastening by leading manu- 

facturers of aircraft and missiles, automotive, electronic 

and communication equipment, business machines, farm 

machinery, electrical appliances, transportation equip- 

ment, vending machines, home appliances, etc. Stimu- 

cnc ra ae lated the cost-conscious sheet metal assembly techniques 
/ utilized, today, by many of these manufacturers. 


Sheet remains flush Clinching ring squeezes INSTALLED BY A SQUEEZE With the Greatest of Ease 
on opposite side. No i alet-SMeanlehicialel mel aelelile| 
sinh clan iabeokects RE EEN | : a osetia me 
securely. locking Fastener Users tell us that—because the shank o nuts acts 
as their own pilot .. . because, being round, they require 
p q 


no indexing . . . because they require no special tools. . . 
because several may be pressed into place in a single 


HIGH TORQUE AND PUSH-OUT RESISTANCE operation... 
... greatly in excess of assembly handling and THEY SAVE THEIR COST MANY TIMES OVER 


screw torquing requirements, insure smooth, fast, in time, labor and special equipment. PEM nuts are 


uninterrupted fastening procedure. In service, under one of the most profitable items in the assembly line. 
working load and vibration, torque and push-out cn Oe pei 

resistance are not reliability factors, since the screw Today, PEM Self-Clinching Nuts are made In six types 
is always pulling the PEM Nut toward the sheet for sheet thicknesses from .03’ and up—in steel (with 
into which it is fastened. various rust resistant finishes), stainless steel, monel 
: : and aluminum. Sizes range from #2 to 34’. Also made 
The smooth reverse side of the sheet, with noswaged _—ag Blind Fasteners for pressure seal applications. 

rim projecting, permits flush-tight assembly with- 


out need for clearance hole in attached part. For complete information, write for Bulletin No. CL359. 


SIX TYPES OF PEM SELF-CLINCHING FASTENERS ANSWER MOST ALL REQUIREMENTS 


WV 
ict 

















STEEL STEEL, S.S. and ALUMINUM STEEL (BLIND FASTENER) 




















PENN ENGINEERING & MANUFACTURING CORP., DOYLESTOWN + PENNSYLVANIA 


New York (Belle Harbor, L. I.) —Neptune 4-7103 Indianapolis —Clifford 1-4020 Dallas —Fleetwood 7-5713 
Cincinnati—Humbolt 1-4261 Detroit —University 3-5189 Los Angeles—Bradshaw 2-8097 
Chicago (Forest Park, Ill.) —Forest 6-4971 Milwaukee —Bluemound 8-6118 Miami—Tuxedo 5-3147 
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motion is desirable, provide reliable 
performance under severe operating 
conditions. Typical applications in- 
clude operation in high-temperature 
environments, in pressurized mecha- 
nisms, and in aircraft or military 
systems requiring exacting perform- 
ance. Units are also suited for in- 
stallations where no axial travel of 
the output shaft can be tolerated, 
or where the rotary stroke may be 
externally stopped prior to comple- 
tion of normal electromagnetic 
stroke of the unit. They are avail- 
able in five sizes from 8 to 18, and 
can be supplied in any stroke length 
from 0 to 60 deg, clockwise or coun- 
terclockwise rotation. Operating 
voltages range from 6 to 300 v dc. 
PSP Engineering Co., 6058 Walker 
Ave., Maywood, Calif. 
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Swage-Type Thermocouples 


have electrical insulation 


to 2500 F 


Fast-response, industrial-type ther- 
mocouples with swage design, called 
A+ thermocouples, are shock and 
vibration resistant. "Thermocouples 
employ a_ precision-made, com- 
pacted, swaged M,O-insulated de- 
sign that provides outstanding elec- 
trical insulation characteristics to 
2500 F. Swaged sheath maintains a 
constant wall thickness, even dis- 
tribution of compacted M,O mineral 
insulation, equidistant spacing of 
conductors, and uniform mass of 
hot junction. Withstanding pres- 
sures to 40,000 psi and made to ISA 








TALWART ~“probuces prEcIsSION CUSTOM 


RUBBER PARTS TO YOUR EXACT SPECIFICATIONS 


Compounded from all types of natural and synthetic rubber, Stalwart 
custom parts are molded, extruded, cut, calendered, sponged or spliced 
to meet the most exacting performance requirements ... as well as 
all standard specifications established by military and industrial or- 
ganizations. Every Stalwart customer is assured of the highest quality 
plus important production economies . . . through modern production 
facilities, advanced compounding techniques and extensive testing 
facilities. Write us today about your special rubber parts problem or 
check with Stalwart’s Plastics Division for injection molded parts to 
meet your requirements. 


THE WORLD'S LARGEST Send for your 
PRODUCER OF SILICONE copy of the 


CUSTOM RUBBER PARTS —— 
atalog. 


180 Northfield Road 
Bedford, Ohio 


Subsidiaries: Jasper Rubber Company 


R U B B E A COMPANY Warren Molded Plastics, Inc. 
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PRECISION- 


~} QUALITY 
BEARING BALLS 


are indispensable to the 
proper function of 
sensitive, reliable auto 
radio tuners 





To uphold its redoubtable reputation as 
a communications specialist, a leading 
manufacturer of automotive radio sys- 
tems must be certain that every com- 
ponent used in its assemblies performs 
reliably. 

For example, when this auto tuner as- 
sembly is coupled to the electrical sys- 
tem, it must provide positive location 
and low torque to ensure fine tuning... 
and dependable, precision-quality bear- 
ing balis perform a vital function. The 
bearing balls provide uniform torque be- 
tween the conical shaft and the bearing 
race, without introducing tortional strain 
and undesirable angular displacement 
...and customer requirements for life 
expectancy and non-degradation in func- 
tion of the complete assembly are re- 
peatedly satisfied. 

Abbott precision-quality bearing balls 
adapt easily, perform reliably, and last! 
A wide range of sizes is available. Write 
for complete information. 


Write for copy of 
Bulletin AP-1 


THE ABBOTT 
BALL COMPANY 


118 RAILROAD AVE 
HARTFORD 410, CONN 
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standards, thermocouples are avail- 
able in a variety of materials, cali- 
brations, and connections to meet 
numerous applications. Atkins Tech- 
nical Co. Inc., 1276 W. 3rd St., 
Cleveland 13, Ohio. 

Circle 771 on Page 19 


Snap-Acting Switch 


for momentary opening and 
closing of a circuit 


Pulse-producing snap-action switch, 
No. I1PDI1, is designed for industrial 
applications where momentary open- 
ing and/or closing of a circuit is 
necessary, Switch is especially use- 
ful for controlling pneumatic valves 





where permanent-duty solenoids are 
not used, Entire pulse operation oc- 
curs as plunger is depressed; no 
switching action takes place on 
plunger return stroke. Mechanical 
characteristics include 0.150-in. max- 
imum pretravel; 0.600-in. minimum 
total plunger travel; 4-lb operating 
force and 8-lb full overtravel force. 
Pulse length is adjustable from 0.030 
to 0.450 in., and adjustable plunger 
can be extended 0.750 in. Switch is 
sealed against oil, water, dust, and 
dirt. Electrical characteristics of the 
SPDT switch are 10 amp at 125, 
250, or 480 v ac; 14 amp at 125 v 
de; 14 amp at 250 v dc. Micro 
Switch Div., Minneapolis-Honeywell 
Reculator Co., Freeport, IIl. 
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Gear Motor 


in capacities from 


1/12 to 2 hp 


C-Flange gear motor is available in 
a wide range of capacities and re- 
ductions. Motor and reducer are 
separate, flange connected, so unit 
is furnished either as a complete as- 
sembly, or reducer alone will be sup- 
plied for application to standard 
NEMA motors. When drive condi- 








Aluminum cans for 
electronic applications 
are cast accurate, smooth 


and pressure tight by 


| the unusual foundry methods 


of Morris Bean & Company, 


| Yellow Springs 2, Ohio. 


aluminum 
magnesium 
ductile iron 


foundries 
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MARINE POWER 


“Our sales have increased 
over 500% since we began 
using International engine 
assemblies five y.ars ago*’ 
Report from R. C. Bolling, 
President, Palmer Engine Co. 


CONSTRUCTION POWER 


International diesel engines 
meet our standards for ef- 
ficiency, dependability and 
parts and service coverage.’ 
Report from Guy Banister, 
Chief Technical Engineer, 
Barber-Greene Co. 


LEADING ENGINEERS 


GROUND SUPPORT POWER 


“The wide range of power 
in the International line fits 
in with our plans to offer a 
wide selection of models:’ 
Report from Roger Frantz, 
Design Engineer, Hobart— 
Motor Generator Corp. 


choose International Power 


for a wide variety of jobs! 


Efficient and dependable power is assured for 
products of leading engineers, who specify IH en- 
gines for a wide variety of applications. Design 
engineers serve many different industries, but they 
all have one common problem: to find the most 
practical, economical and efficient power for their 
products. If you have the responsibility for select- 
ing the power for your products it will pay you 
to check International engines because— 


FIRST, you have a wide selection of power from 
which to choose—35 engines from 16.8 to 385 max. 
hp—available in gasoline, LP gas, natural gas or 
diesel. 


SECOND, IH engines meet rigid requirements of 
economy and dependability. Millions of hours of 
continuous operation in all parts of the world have 
job-tested International power on every heavy- 
duty application. 


THIRD, your customers never have to wait for re- 
placement parts. International’s world-wide parts 
and service facilities back up your organization 
with fast assistance on power problems. 

Check the complete line of IH engines now, and 
discover the extra selling advantages International 
power adds to your product. Call or write to Inter- 
national Harvester Co., Engine Sales Dept., Con- 
struction Equipment Division, Melrose Park, Ill. 


m@ INTERNATIONAL’ 


International Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 
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THE CAG E of o Messinger Radial Roller 


Bearing, lorge or small, is the real key to long 
bearing life with precision performance, espe- 
cially at sustained high speeds. 

Each Messinger cage is of a special rugged 
design developed by Messinger Engineers... 
made of highest quality bronze . . . machined all 
over with exacting care. Tolerances are held to 
amazing closeness. 

The cage is a vital contribution to the ultimate 
in bearing longevity and reliability which 
Messinger Bearings provide. 


seiging «ev a MESSINGER (@®))BEARINGS, Inc. 


chine? Callon Messinger, ROLLER AND BALL BEARINGS ‘= FEATHERWEIGHT TO HEAVYWEIGHT 


now, for consultation. 


No obligation. D STREET ABOVE ERIE AVE. - PHILADELPHIA 24, PA. 
“Smoothing Industry’s Pathway for Nearly Half a Century”’ 
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tions change, either motor or re- 
ducer can be changed without ob- 
soleting the other element. Capac- 
ities range from 1/12 to 2 hp, reduc- 
tions from 5:1 to 60:1. Morse Chain 


Co., Ithaca, N. Y. 
Circle 773 on Page 19 


Glass Fabric Hose 


has excellent flame resistance 
and high burst strength 


Available for both permanent and 
temporary use in air-handling and 
fume-control applications, GlasHose 
is furnished in sizes from 114 to 24 
in. ID. Made of neoprene-coated 
glass fiber, it is spiral-wire rein- 
forced. Lightweight and extremely 
flexible, hose has excellent flame 
resistance and high burst strength. 


Operating temperature range is — 40 
to +300 F. Flexaust Co., 100 Park 


Ave., New York 17, N. Y. 
Circle 774 on Page 19 


Motor-Generator 


provides constant 
60-cycle power 


Combination electric motor and 60- 
cycle ac generator set provides a 
continuous source of 60-cycle ac 
power. Output is 10 kva and speed 
is 1760 rpm. In case of power-line 
failure, generator is driven by a gas- 
oline or diesel engine which is au- 
tomatically brought up to proper 
speed so that frequency dip will not 
exceed five or six cycles. Genera- 
tors are powered with either single 
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SCREW- 
LOCK 
INSERT 


Internal locking insert 


protects tapped hole, grips 
vital bolt in fast-spinning tur- 


at 46,000 p.P.. 


bine shoft. Over 40 addi- 
tional Heli-Coil Inserts insure 
threaded fastener security 


throughout the starter. 


HHILON 


SCREW-LOCK INSERT* 

holds this vital bolt fast 

Without Lock Washers 
or Lock Wiring! 


Even when the turbine shaft of General Electric’s new AS-18 
turbostarter whirls at 46,000 rpm... the key bolt at the end 
of the shaft can’t work or wear loose. General Electric puts 
a one-piece, internal iocking Heli-Coil Screw-Lock Insert in 


a! 


/ 


MUTE TT 
ASTOCKEERTE REN 


XKXKK) 


this tapped hole, gets thread security in this important tOCKING 


threaded assembly despite vibration met at high shaft speeds. 
In addition to the critical shaft application, General Electric 
uses more than 40 of these Heli-Coil stainless steel wire inserts 
throughout this compact 165 hp starter for aircraft gas tur- 
bines. Production and performance benefits? Unshakeable 
fastener security without the use of clumsy, heavy lock nuts, 
lock washers and lock wiring . .. lighter weight... less instal- 
lation cost ... faster and easier assembly and disassembly of 
this tiny power pack that weighs only 46 pounds! «patented 


Heli-Coil Screw-Lock Inserts 
@ positively lock screws and bolts against loosening under impact 

and vibration 
@ prevent thread wear, stripping, corrosion, galling and seizing 
@ eliminate lock nuts, lock wiring, other supplementary locking devices 
@ can be used in standard proportion bosses without need for redesign 
@ are available in a complete range of U.N.C. and U.N.F. thread sizes 
@ save assembly time, space, weight and cost 
@ meet military specs for locking torque and vibration 





Principle of Heli-Coil 
Screw-Lock Inserf. 
Locking center coil 
grips screw in tapped 
hole; holds screw 
firmly against vibra- 
tion and impact. 


HELi-COIL CORPORATION 


DANBURY, CONNECTICUT 


Omer -=-------- 


HELI-COIL CORPORATION, 506 Shelter Rock Lane, Danbury, Connecticut 


Send complete design data on Heli-Coil Screw-Lock Inserts 


NAME TITLE 





FIRM. 





ADDRESS 





CITY. ZONE_____STATE 





@ 1772 


In Canada: 
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Armstrong Beverley Engineering Ltd., 6975 Jeanne Mance St., Montreal 15, Que. 


263 





AVAILABLE IN A COMPLETE RANGE OF 


SIZES AND WITH SINTERED BALLS 


Precision built for superior pertormance”’ 


in a wide variety of materials with a quality that will 

give you top performance under normal or high tem- 
WRITE FOR CATALOG 560 

SPHERCO a product of SEALMASTER BEARING DIV. 


of motion, SPHERCO Bearings can supply your needs 
perature conditions. 


If you have applications involving linkage or transfer 
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or three-phase induction low-slip 
motors. Regulation is by a magnet- 
ic amplifier mounted on collector 
ring or generator end. Kato En- 
gineering Co., Mankato, Minn. 
Circle 775 on Page 19 


Coil Cans 


can be slotted, 
hole-punched, or shaped 


New coil cans in basic designs are 
currently in production in sizes 
ranging from larger types to tran- 
sistor dimensions as smali as 1/-in. 
diam. Series of basic models can be 


4q 


slotted, hole-punched, or shaped to 
meet most electronic applications. 
Staver Co. Inc., 49-51 N. Saxon 
Ave., Bay Shore, L. L., N. Y. 

Circle 776 on Page 19 


Copper-Clad Laminate 
has high 


insulation resistance 


Textolite 11577 copper-clad laminate 
has improved characteristics for 
printed-circuit applications. The 
self-extinguishing, epoxy, paper-base 
laminate surpasses any XXXP grade. 
It offers excellent cold punching and 
machining properties, high insula- 
tion resistance, and superior elec- 
trical characteristics. Laminate has 
1 million megohms resistance at 
35 C and twice the impact and flex- 
ural strengths of XXXP standards. 
It withstands cyanide-plating solu- 
tions and provides improved bond- 
ing strength between copper and 
laminate for increased circuit re- 
liability. Peel strength is between 4 
and 6 lb, higher than I-lb peel 
strength called for in U/L speci- 
fications. Material is available in 
standard sheet sizes of 36 x 36 and 
36 x 72 in. and ranges in thickness 
from 0.031 to 0.250 in. General 
Electric Co., Schenectady 5, N. Y. 
Circle 777 on Page 19 





FAST DELIVERY 
FROM STOCK... 


UNIVERSAL 
JOINTS 


26 STANDARD TYPES 
AND SIZES 


® For all slow speed applications 
to 300 rpm. 

@ Single or Double Joint 

@ Horsepowers 12 to 207 at 100 
rpm. 

@ Bores %4” to 2”, also furnished 
solid 

® Standards can be altered to 
specifications 

@ Special types and designs fur- 
nished promptly 


e Contoured yoke permits maximum 
operating angle of 45° for single joint, 
90° for double e Highest quality hard- 
ened alloy steel throughout ¢ Forks 
precision ground to within .001” con- 
centricity e Pins ground to .0005” tol- 
erances e Accurately intersecting holes 
in center blocks. 


HOW TO GET THE EXACT 
UNIVERSAL JOINT FOR 
YOUR JOB... 





Request handy Universal Joint Guide, 
Form 820F, and Bulletin 820. 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 W. Lake St. * Chicago 44, lll. 
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STOP GUESSING VALVE PERFORMANCE! 


Ome, 
re noite 
‘> "er Convagetteaees 


* 


CAT. NO. 210 Shows correct 
choice of Manually Controlled 4-Way 
Hydraulic Valves 


RIVET Publishes The Facts So You 


Can Predict Accurately Pressure 
Drop In 4-Way and Pressure Controlled 
Hydraulic Valves! 


Select your valves on facts, not 
guesses! The flow versus pressure drop 
curves shown in the catalogs above are 


CAT. NO. 230 Shows correct 
choice of Pressure Controlled 
Hydraulic'Valves 


possible to determine system efficiency and 
operating costs before you operate the 
circuit. Rivett’s lower pressure drop means 
a lower cost to actually run your hydraulic 
systems. Before you specify the components 
for your next system, get the facts! Ask 
your Rivett dealer, or write for Rivett 


based on actual tests. The curves make it 


Furnishes Complete Line of Hydraulic Valves — Over 400 Standard Models — 
1500, 2000, 3000 P.S.I.—Sub-Plate and Pipe Mounted—'/” to 11/2” Sizes—3 G.P.M. to 130 G.P.M. 


Vasa 


PRESSURE CONTROL MANUAL CONTROL SOLENOID CONTROL PILOT CONTROL 
Series 8800: Relief, Series 5000 and 6100: 4- Series 6500 and 6600: Available in Solenoid, 
Sequence, Unloading, Way. Hond, Foot, or Cam, 4-Way. Direct or Pilot oper- Pressure and Manual 
Reducing, anc Counter- Sub-plate or Pipe Mounted, ated. 4” to 114” in three operations. 4” to 14" 
balance. With and without Y%" to 2” sizes. 2000 and basic sizes. 3000 P.S.I. Low sizes. 1500, 2000 and 
check. See Catalog 230. 3000 P.S.1. See Catalog 210. current. See Catalog 261. 3000 P.S.L. 


Catalogs 210, 230, 259 and 261 now. 


FLOW CONTROL 
Model 8622: 3000 P.S1.; 


RIVETT, Dept. MD-6, Brighton 35, Boston, Mass. 
furnishes a complete power package 


AIR AND HYDRAULIC — VALVES, CYLINDERS, POWER UNITS 
Member — National Fluid Power Association 
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VERSATILE, 
LONG WEARING, 
SLOW AGING 


TECHNICAL MEMO ON LINEAR COMPOUNDS 7441-50 & 7446-70 


... for U-cups, O-rings and other seal configurations 

e especially designed for service in hydraulic fluids, 
lubricating oils and automatic transmission fluids 

¢ good recovery properties, excellent wear resistance 

e fully effective sealing from —40° to +212°F; can 
be used intermittently to +325°F in oil 


MATERIALS COMPATIBLE WITH THESE COMPOUNDS: 
Alcohol « Corn Oil « Cosmoline 1058 ¢ DTE Oil « Ethylene Glycol « 
Freon 11 © Freon 12 « G.E. #10 Transformer Oil « Gulf Pride « 
Gulf XB Grease * Hexane « Houghto-Safe 271 « Hydrolube « Lard 
¢ Larex ¢ Lubricating Oils ¢ Lubriplate « MIL-F-25558A « MIL-G-4343 
@ MIL-H-5606 « MIL-L-9000 « MIL-L-15016 © MIL-L-15017 © Mineral 
Base Hydraulic Oils « Mo Par Fluid « Olive Oil ¢ Penzoil Trans Oil « 
Prestone « Sea Water « Shell #532 ¢ Shell Iris 902 ¢ Shell Donax T6 
¢ Shell Northia #41 © Shell Tellus #33 © Shell Tellus #41 © Socony 
Vactra Oil « Sohivis * Soybean Oil » Suniso #4 ¢ Suniso #7 « Sunoco 
Dynalube « Suntac #201 ¢ Ucon LB-300X @ Ucon 200 N @ Univolt 
#35 © Velocite #1 « Water 


For complete technical data—including list of incom- 
patible materials — Request Bulletin 56703-1, Linear 
Inc., State Road and Levick St., Philadelphia-35, Pa. 


PERFECTION IN RUB IN RUBBER: 


LINEAR, Inc / TE N 4 Es A PHILA 35, PA 


Circle 591 on Page 19 








ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Symbol Stamps 


quickly reproduce 
drafting symbols 


Called Symbostamps, transparent 
vinyl and lucite stamps fulfill a need 
for a timesaving, convenient method 
of reproducing thousands of indus- 
trial drafting symbols. Technical 
symbols for the fields of electronics, 
hydraulics, architecture, mechanical 


engineering, and electricity are im- 
mediately available. Any symbol or 
complex of symbols can be manu- 
factured to specification rapidly and 
economically. Stamps offer ease of 
handling, perfect alignment, and ex- 
cellent quality impressions for accu- 
rate reproduction. John Griffin Co., 
2117 Grand Ave., St. Paul 5, Minn. 

Circle 778 on Page 19 


Magnifying Viewer 


provides three- 
dimensional viewing 


Illuminated magnifying viewer for 
close tasks or viewing requiring 
bright lighting and full view mag- 
nification is known as Model DSV. 
It features a 6 x 6-in. optically 
ground acrylic lens that provides 
full three-dimensional perception. 
Two 4-w fluorescent tubes highlight 
working area, and soft, diffused un- 
derlighting is provided by two re- 
cessed 8-w fluorescents under view- 
ing-table base. Underlighting and 
overhead light can be positioned 
separately by means of friction-collar 
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PE sos: 


American-LaFrance pumper at Dewey Fire Co. No. 1, Hellertown, Pa. 


Sheet Steel to the Rescue! 


Who doesn’t thrill to the flashing color and com- 
petent power of a modern fire engine roaring by 
on its errand of mercy? 

Hard-working trucks like these need husky steel 
to safely haul their cargo of men and fire-fighting 
machinery. Bethlehem supplies hot-rolled and 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
Export Distributor: Bethlehem Steel Export Corporation 


++. economy 
... versatility 


For strength 


Mack C95F pumper for City of Lapeer, Mich. 


cold-rolled sheets to most of the makers of fire 
apparatus and fire-protection equipment. 

If your product involves sheet metal, steel is the 
material with which to design and work. You can al- 
ways count on Bethlehem sheet steel for top qual- 
ity. Our engineers will be glad to work with you. 
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Eliminate “‘high-cost specials 


by standardizing on 


Investigate and you'll probably find that 
instead of having to go to the added time 
and expense of ordering special gears, 
that your needs can be filled from the 
American line. 


American is a ‘complete’ stock gear line. 
Manufactured by Perfection —a veteran 
of over 30 years in the gear business — 
these gears are made to the most precise 
standards, from the highest quality 
materials. This popular line includes 
brass, bronze, steel, semi-steel, cast iron, 
and non-metallic gears in a range of 48 to 
3 diametral pitch. 

You'll save time and money .. . save on 
inventory . . . simplify purchasing and 
have less lost production time by procur- 
ing your stock gear needs from your near- 
by distributor of American Stock Gears. 


Ask for FREE copy of American 
Stock Gear Catalog No. 360 con- 
taining detailed information and 


engineering data. 


AMERICAN STOCK GEAR division 


Perfection Gear Co., Harvey, Illinois 


AMERICAN STOCK GEARS 
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disc joints. Table also can be ad- 
justed to lie flat or slant. Magni- 
fication has good resolution and 
high visual acuity. Viewer is sup- 
plied without lamps in handsome 
silver-gray finish. Fostoria Corp., 
Dept. 32, Fostoria, Ohio. 

Circle 779 on Page 19 


Angular Position Transducer 
measures small angles 


Model 903 angular position trans- 
ducer is sensitive to a rotation of 
0.012 deg and has a range of +3 to 
+5 deg. Magnified input of a small 
angular movement actuates a wiper 
which moves across a precision po- 
 tentiometer, producing a high-level 
de output that can normally be 
used without amplification. Unit 
is completely sealed for high relia- 
bility during severe environmental 
conditions. Weighing 11 oz, unit 


5 = 
2 | 


can be used in applications where 
space is ata premium. Bourns Inc., 
6135 Magnolia Ave., Riverside, 


Calif. 
Circle 780 on Page 19 


Transistorized Power Supply 


has instantaneous 
overload protection 


PS202MB twin power supply in- 
corporates instantaneous electronic 
lock-out with automatic reset. 
Damage due to temporary over- 
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Alcoa puts the metal where you want it 


How BIG an impact have you seen 
lately? Alcoa can now make them up to 
12 in. in diameter and 60 in. long. 
When Alcoa’s new 2,500-ton press 
hits an aluminum alloy slug, a giant 
impact is formed with the combined 
strength of an extrusion and forging. 
Like their small brothers, these big 
new impacts can save you money. They 
are produced in one fast operation. 
There’s no parting line to be ground. 
No scale to be removed. No draft to be 
cut off. Impacts have forged bases and 
extruded sections. Multiple parts can 
often be combined into one integral 
impact eliminating welded or mechani- 
cal joints. Machining is reduced, and 
excessive material waste is eliminated. 


June 9, 1960 


You can get these big new Alcoa® 
Impacts in many alloys with tensile 
strengths up to 75,000 psi. Also made 
from aluminum powder metallurgy 
alloys which provide excellent proper- 
ties at elevated temperatures. 

Alcoa Impacts are unfailingly sound. 
They have smooth, corrosion-resistant 
surfaces. You can have them in plain 
or complex shapes with design features 
combining those of forgings and extru- 


VWatcoa ALUMINUM 


sions—flanges, steps, multiple walls, 
bosses, ribs. 

In impacts, as well as forgings, cast- 
ings, extrusions and screw machine parts 
. . . Alcoa puts the metal where you 
want it. A call to Alcoa can mean 
ingenious design solutions. Start now; 
write for Metal in Motion, Alcoa’s new 
34-page brochure onimpacts. Aluminum 
Company of America, 905-F Alcoa 
Building, Pittsburgh 19, Pa. 


Alcoa puts the metal 
where you want it... 
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ALUMINUM COMPANY OF AMERICA 


in impacts, castings, 
forgings, extrusions 
and screw machine parts. 
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Alumina Ceramics 
Replace Expensive 
Metals for 
Vital Pump Parts 


The destructive twins—corro- 
sion and abrasion—have led pump 
designers to use Coors High 
Strength Alumina Ceramics for 
the vital parts of pumps, such as 
plungers, cylinder liners, seal 
faces in mechanical shaft seals, 
shaft protection sleeves, and ball 
check valves. 

Perhaps your abrasive and 
corrosive problems can be solved 
economically with Coors Ceramics. 
We shall be glad to help you— just 
write us at Golden or contact one 
of our regional sales managers. 

REGIONAL SALES MANAGERS 
West Coast William S. Smith, Jr. 

EM 6-8129— Redwood City, Calif. 
...JOhn E. Marozeck 

FR 2-7100— Chicago, Ill. 

seeeeeee-DONAld Dobbins 

GL 4-9638 — Canton, Ohio 
sesessereeveeeeeeeeeeed OWN J. McManus 

MA 7-3996— Manhasset, N.Y. 
Warren G. McDonald 

FR 4-0663 — Schenectady, N. Y. 
...Kenneth R. Lundy 

DA 7-5716— Dallas, Texas 


vee William H. Ramsey 
UN 4-6369— Houston, Texas 


COORS PORCELAIN 
COMPANY 


600 Ninth St.. Golden, Colorado 


Midwest 
Central 

East Coast.......... 
New England 
Southwest .......... 


Oil Field Industry 
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loads is eliminated by variable cur- 
rent limiting which prevents power 
supply from delivering in excess of 
any preset power level. Damage 
due to short circuits is eliminated 
by instantaneous electronic shut-off 
which automatically resets after 
short is removed. Fast transient 


response, high reliability, low rip- 
ple, excellent regulation, and high 
stability are other features. Unit 
has two outputs, each 6-30 v de at 
0.5 amp; input is 105-125 v, 60-400 
cps. Valor Instruments Inc., 13214 
Crenshaw Blvd., Gardena, Calif. 
Circle 781 on Page 19 


Test Chambers 


are cooled with 
liquid co, 


Series HL Geco test chambers, op- 
erating from —100 to +600 F, are 
cooled with liquid COs. Rapid 
pulldown enables shock testing. 
Four sizes from 2 to 8-cu ft work- 
ing capacity are available. Cham- 
bers are bench models, fully sealed 
against moisture and equipped with 
silicone door gaskets. High-volume 
forced-air circulation insures accu- 


rate operation. All models are 
equipped with indicating thermo- 
static controllers and COz cylinder 
connections. Gruenberg Electric Co. 
Inc., 9 Commercial Ave., Garden 
City, N. Y. 
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VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
© Utilizing the Slide Rule 

© Construction Aids 

® Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated 
procedures that every engineer 


time-and-money saving 


can use. 


$1.00 a copy 


Order from 
MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 




















It’s in Johns-Manville’s handy 
new Friction Materials Selector 


Was YOU ENCOUNTER a de- 
sign problem that involves the 
control of motion, you'll find 
this new, ready-reference book 
about Johns-Manville Friction 
Materials a big help. Its sixteen 
pages are loaded with specific 
design data, presented in simpli- 
fied table form, that you'll find conven- 
ient, accurate and easy to use. 


Whether you require a disc, cone, 
band, block or lining—for application 
in wet or dry service, heavy or light 


4s 


duty, slow or high speed operation, light 
or heavy pressure—this book will give 
you performance characteristics, avail- 
able sizes and shapes, dimension data 
and tolerances. 


Whatever your problem dealing with 
the control of motion the J-M Friction 
Material specialist . . . backed by un- 
matched J-M Research facilities . . . is 
at your service. Write Johns-Manville, 
Box 14, New York 16, N.Y., for your free 
copy of the Friction Materials Guide— 
FM35A. In Canada, Port Credit, Ont. 


Johns-Manville Ji7/i/7/ FRICTION MATERIALS | 
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RUBBER 
MASKING RINGS 


Photos courtesy Marlin-Rockwell Corp., Jamestown, N. Y. 


Rubber Rings Mask Bearings 
during Plating Process 


Here’s a new way to mask out 
plating on bearing race grooves 
without tedious hand-labor. Re- 
gardless of bearing size, rubber 
rings are fitted precisely into ball 
grooves and inner ring bore so that 
plating can’t sneak under the 
rubber even in torturous electro- 
plating baths. Clean division lines 
always result. Inner ring and outer 
ring are held together so both can 
be plated simultaneously. This 
saves one complete plating cycle. 
And, this fast assembly prepares 
bearings for plating in seconds— 
eliminates costly hand-painting 
with unreliable stop-off lacquer. 
These rubber rings are the result 
of Marlin-Rockwell Corporation 
(Jamestown, New York) consult- 
ing Continental to solve an impor- 
tant .masking problem. Creative 
engineering successfully developed 
these extruded and spliced, or 
molded rubber rings which in- 


creased production 2000 %—20 
times faster than hand-painting. 
What’s more, the special rubber 
compound withstands repeated 
baths in blistering acids and caus- 
tics without affecting precise di- 
mensions, elasticity or resilience. 
This rubber ring technique is 
typical of the thinking and ingenu- 
ity behind rubber parts by Conti- 
nental. It also represents the 
economy and better end results 
accomplished by consulting a rub- 
ber specialist during the planning 
stage of a product. If you need help 
like this, call or write Continental 
—rubber specialists since 1903. 


Engineering catalog. 

In addition to custom-made parts, 
Continental offers an extensive line of 
standard grommets, bushings, bump- 
ers, rings and extruded shapes. Hun- 
dreds of these are shown in the No. 
100 Engineering Catalog. Send for a 
copy or refer to it in Sweet’s Catalog 
for Product Designers. 


Cbeotths adbivenent in ROBBER 
ongivcral yg CONTINENTAL 


CONTINENTAL RUBBER WORKS + 1984 LIBERTY ST. + ERIE 6 * PENNSYLVANIA 
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Professional 
Viewpoints 


. - - qualified to design . . . 


To the Editor: 

“Professional Viewpoints” in the 
May 12 issue prompted me to ex- 
press my opinions, which are based 
on ten years’ experience in design 
work. I have served in every phase 
of machine design from junior en- 
gineer through design engineer; I 
am now a consulting engineer. 

Despite all the discussions I read, 
I feel that the major problem in 
finding competent design engineers 
is that there seems to be a general 
industry-wide program to regard the 
man on the board as inferior in 
stature to the man with a desk. Con- 
sequently the man on the board who 
is good, is forced to trade his board 
for a desk. Some companies will 
prevent an engineer from doing 
board work. Designers are really 
draftsmen in these companies and 
they are treated as being subpro- 
fessional. Junior engineers hardly out 
of college direct the efforts of men 
on the board, telling them how to 
design various mechanisms. Since 
the junior engineer doesn’t know 
how to design, and since competent 
designers (under these adverse con- 
ditions) are rare, the result is un- 
necessary cost in dollars and time. 

I enjoy design work, but I doubt 
that I will ever be a designer again. 
This is a result of having gained 
status in the profession. 

—Meyer I. Mazon, P. E. 
Cincinnati, Ohio 


. . » the man nobody sees... 


To the Editor: 

Your editorial in the April 28 issue 
is real bait for comment. What is 
the difference between the doctor 
(M.D.) and the engineer (P.E.) in 
real life? 

The doctor is subservient to few. 
He, like the pilot, calls the shots. 

The engineer is a servant, not 
a director. He proposes stainless steel 
muffler cars (to keep the public 
happy) and the marketing people 
overrule him. (The muffler replace- 
ment business is a powerful influ- 
ence.) He doesn’t have the decision- 
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NO MYSTERY ABOUT H-K QUALITY! 


Notice the smooth, flowing lines of the metal 
fibers that give strength to this set screw. 
Look at the clean, forged socket, scientifically 
proportioned in both depth and width for 
maximum strength. Notice the smooth, con- 
trolled contour of the precision forged cup. 
Features like these spell Quality . . . and H-K 
Quality saves time, trouble and money on 
the production line! 


SCIENTIFICALLY 
FORGED SOCKETS 


H-K’s reinforced forged 
socket walls are always 
uniformly accurate. Keys 
fit snugly into the socket 
...get a firm and solid 
bite for positive, tighter 
wrenching action! 


MICRO-CENTERED 
FORGED CUP 
POINTS 


Holo-Krome’s smooth, 
perfectly-centered cup 
points penetrate easily 
and a into the shaft 
. . . reduce friction ... 
develop the ultimate in 
holding power! 


QUALITY CONTROL 
MAKES THE 
BIG DIFFERENCE 


At every step along the 
way, start to finish—from 
metal analysis to the end 
product with its Unified 
Class 3A Fit— Quality 
Control makes the differ- 


rence .. . guarantees the |* 
reliable performance of 9 


every H-K socket screw! 


HOLO-KROME'S EXCLUSIVE 


FORGING METHODS AND 
REPUTATION FOR QUALITY 
ADD UP TO REAL SAVINGS 
On THE PRODUCTION Line! 


Buying socket screws on price alone has 
frequently proved a costly and shattering 
experience for many manufacturers. In- 
creased down-time, mounting rejects and 
failure in service not only wipe out so- 
called “savings” but affect business reputa- 
tions as well! 


That’s why Holo-Krome’s exclusive forg- 
ing methods and reputation for quality 
always add up to real savings on your 
production line. And the reason you can 
always rely on H-K quality is because Holo- 
Krome has only one standard—making 
the finest socket screws on the market! 


HOLO-KROME 


Thermo-Forged 
JISOCKET SCREWS 


SOLD ONLY THROUGH AUTHORIZED: HOLO-KROME DISTRIBUTORS 
THE HOLO-KROME SCREW CORPORATION © HARTFORD 10, CONN._ 
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New GRAYLOC?® Seal Eliminates Leaks 


GRAYLOC is practical where leakage is a problem, regard- 
less of high or low pressure, where savings in money, space, 
weight or time are desirable. 

The GrayLoc seal design, a new principle in pipe connec- 
tion, is simple: tapered lips on either side of a rigid rib. The 
seal lip tapers slightly less than the mating hub, forming a 
line seal as the components touch. As the connection bolts 
are tightened, the lips deflect to form a positive, leak- 
proof surface seal. GRayLoc Connections can be made and 
released repeatedly and still operate to pressure without seal 
ring replacement. 

GRaYLoc works in most flange applications. If you are 
interested in more information about how GRAYLOC can solve 
your leakage problems and save you money, write for the 
new GRAYLOC CATALOG on your company letterhead. No 
charge, no obligation. 


ID il conpary 


P.O. BOX 2291 HOUSTON 1, TEXAS REpublic 4-1641 
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making authority to say what kind 
of a muffler next year’s car will 
have. He only proposes. He (in 
industry) can be overruled by mar- 
keting, the controller, sales, and 
others who obviously are not a part 
of engineering. This the public does 
not always realize, or understand. 

The engineer is at fault in part if 
he is not strong enough in his sales 
ability, but he can hardly be com- 
pared in authority with the doctor, 
whose prestige comes in part from 
the fact that he deals with life and 
death in almost every move. 

The engineer remains a servant, 
under the decision-making control 
of those who sell and those who 
provide and control the capital. 

But let’s make sure that he is a 
good salesman as well as a com- 
petent servant. 


—W. E. MeEsu 
Nichols, N. Y. 


. . . rubber-covered cylinders .. . 


To the Editor: 

Your issue of April 30, 1959 (pp. 
120-122) contained my article, 
“Rolling Radius of Rubber-Covered 
Cylinders.” While doing further 
work, which produced the additional 
information reported here, I noticed 
that an error occurred in the article 
—for which I apologize. 

The slope in Fig. 3 should have 
been graded in steps of 1, from 0 to 
5, and the slope in Fig. 4 should 
have been in steps of 0.4 from 0 to 
2.0. 

Here are some additional facts 
about the apparent phenomenon re- 
ported in that article: 

The article showed that when 
cylinders, which have a solid rub- 
ber layer bonded to their surface, 
are pressed against all-metal cylin- 
ders of equal diameter, the rubber- 
covered cylinders always rotate slow- 
er than the metal ones, as long as 
the friction between the surfaces is 
large enough to overcome slippage, 
irrespective of whether the rubber- 
covered or metal cylinder is the 
driver. 

It has been shown that the curves 
of speed difference in per cent as a 
function of radial rubber deforma- 
tion tended to become straight lines. 
The radial thickness and axial 
length of the rubber have a consid- 
erable influence upon the slope of 
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HOW CLOSE SHOULD 
THE TOLERANCES BE HELD? 


This part may be produced in a ten-stage, progressive stamping die. It will be 
made from 0.030” low carbon cold rolled strip steel. The normal gauge tolerance 
is 0.0015” ... or, a total variation of 0.003”. 


Is this tolerance tight enough? 


Of course, tolerance should be no tighter than necessary for the successful design 
of the finished part .. . or for efficient, trouble-free stamping. If the part cannot 
be fabricated with a minimum of production trouble, the tolerance is not tight 
enough . . . regardless of the design requirements of the finished part. In an 
intricate, high speed stamping operation, a variation of 0.003” could easily result 


in a high percentage of rejects; could cause frequent down-time . . . constant tool 
adjustment; could create needless production problems. 


Why not check your own stamping operation? 


Assured optimum production starts with the design specifications . . . with the 
specification of J&L Precision cold rolled strip steel. J&L can hold gauge toler- 
ances to tenths of thousandths to provide steel which will perform as your design 
specifies . . . to deliver the maximum yield per pound of steel. 


The experience, facilities and accumulated know-how of a specialized organiza- 

tion .. . directed exclusively to the processing of low carbon, high carbon, alloy, STRI a 
tempered and stainless strip steels . . . are available to work for you. For assistance , 

in solving your problems, call your J&L Stainless and Strip Division representa- LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 


tive, or write to Dept. 235Y-617. : TEMPERED SPRING STEEL + ZINC AND COPPER COATED 
Circle 601 on Page 19 
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AUTOMATIC 


Sees 


BASE FOR STREET AN 
DARKING AREA LIGHTI? 


CLOTHES DRYER HEATER WITH 
CAST-IN HEATING 


ELEMENT, dia. 26” 


STEEL 


COPPER TUBE CAST 


A AND: SCREEN D¢ 


INITIAL LETTERS 


YOR PARTS FOR 
»9SURE OVEN 
1] 


x 


ALUMINUM 
PERMANENT MOLD 
CASTINGS 


evalucte today 
progress tomorrow 


The method of casting that assures density, 
homogeneous structure, with surfaces that take 
a high finish. Illustrated castings indicate how 
other metals are cast with aluminum to meet 
specific performances. For more ideas and rec- 
ommended applications, write for new brochure. 
Our permanent mold engineers will be happy to 
work with you. 


Exile MANUFACTURING CO. 


46 SHELDON ROAD © BEREA, OHIO *-BEREA 4-2091 
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the lines, whereas the hardness of 
the rubber did not noticeably affect 
the slope. 

A further analysis of the results 
has now been carried out, including 
rubber-covered cylinders of 5, 7, and 
8-in. outside diameters. This time 
the differential surface-speed ratio 
A; was plotted as a function of radial 
rubber strain e for the case when the 
rubber-covered rollers were friction 
driven by the metal one, which ro- 
tated with a surface speed of ap- 
proximately 75 feet per minute. 
These two terms are defined as fol- 
lows: Differential surface-speed ra- 
tio A; is equal to the surface speed 
of the undeformed portion of the 
rubber-covered cylinder minus the 
surface speed of the metal cylinder 
divided by the surface speed of the 
metal cylinder. Radial rubber strain 
e is equal to the radial rubber defor- 
mation divided by the undeformed 
rubber thickness. 


If the radial strain was so large 
that no slippage occurred between 
the driving and driven surfaces, then, 
for the individual rollers, the curves 
followed an exponential law of the 
form, 


A, = —A(e)"?"+B (1) 


where n varied between 0.9 and 2.3; 
the average for all curves: n = 1.42. 
Constants A and B appear to be due 
to side effects, friction, etc. 

Superimposition of the curves for 
rollers whose axial length is at least 
four times as large as their radial 
rubber thickness resulted in curves 
which appear to approach a straight 
line of the form, 


A; = — 0.49 ¢e (2) 


If the ratio of axial length to 
radial thickness is less than 4, the 
curve is flatter, probably due to the 
rubber bulging out at the ends. 

Equation 2 represents a limiting 
value within the range of the ex- 
periments. For values of ¢ smaller 
than 0.04 the actual curve seems to 
be flatter, possibly due to side ef- 
fects, etc., and approaches the form, 


Ay = — («)1-38 (3) 


For design purposes, however, the 
equation of the straight line is a 
reasonable approximation. 

—H. A. BorcHarDt 

School of Mechanical Engineering 

University of New South Wales 
Broadway, N.S.W., Australia 
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...it’s a no-spill valved coupling by Snap-Tite!”’ 


To use Snap-Tite Valved Coupling: 


The 15 Series valved coupling automatically snaps off the flow of 
the most volatile fluids when disconnected—with no leakage. 


Snap-Tite’s 15 Series valved coupling contains valves in both sec- 
tions. Thus, the only fluid lost is that which clings to the outer 
metal surfaces. This coupling meets military specifications and can 
be used with fuels and other fluids to 3000 psi working pressure 
and 400°F. Sizes: 14”, 14”, 34”, 1” in 6061T6 aluminum anodized; 
34” in steel (electroless nickel plated), and 6061T6 aluminum 
Snap-Tite can provide the right valved coupling—with quick off-on 
action wherever coupling or shut-off is required—for most any use, 
most any fluid. 


For more information, write 
for Snap-Tite Catalog 15. 
Snap-Tite representatives in 
all principal cities. 


ST-S59-03 
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FREE reprints from Jap?) ded 


Limited supplies of the following reprints of articles which 
have appeared in MACHINE DESIGN are still available at 
no cost. Circle the ones you want on the order form below 
and mail to Reader Service, MACHINE DESIGN, Penton 
Building, Cleveland 13, Ohio. 


Tables and equations simplify design of CONICAL-DISC 
SPRINGS by Earlwood T. Fortini, September 4, 1958 (8 pages) 


SYMBOLS FOR GEOMETRIC TOLERANCES by Fred L. 
Spalding, October 15, 1959 (8 pages) 


A Guide to TECHNICAL ILLUSTRATION by Hans Peter 
Nelson, March 6, 1958 (8 pages) 


ANALOG COMPUTING MECHANISMS by George W. 
Michalec, March 19, 1959 (24 pages) 


CHOOSING THE RIGHT COLOR by Faber Birren, August 
6, 1959 (7 pages) 


HEAT-TREATED POWDER-IRON PARTS for improved 
strength and hardness by Navin Kothari, October 30, 1958 
(4 pages) 


Numerical rules for designing PLANETARY GEARS by Robert 
L. Benford, August 21, 1958 (7 pages) 


SIMPLIFIED COLUMN DESIGN by Helmut G. Hoeschel, 
April 2, 1959 (6 pages) 


LINEAR ENERGY ABSORBERS by Lloyd M. Polentz, March 
5, 1959 (6 pages) 


10 CENTRIFUGAL CASTINGS, October 15, 1959 (6 pages) 


11 DESIGNING FOR BALANCE in rotating parts and assemblies 
by Robert R. Zenk, May 28, 1959 (8 pages) 





12 WHY ENGINEERS WORK by Eugene Raudsepp, February 
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Recent Books 


Polyester Resins. By John R. Lawrence; 
251 pages, 54 by 7% in. clothbound; 
published by Reinhold Publishing Corp., 
430 Park Ave., New York 22, N. Y.; avail- 
able from Macuine Desicn, $5.75 per copy 
postpaid. 


A comprehensive survey of the 
unsaturated-polyester-resin industry 
is presented. Mechanical and phys- 
ical properties, chemistry, curing 
mechanisms, manufacturing, rein- 
forcing, casting, and coating are 
covered. 


Mechanics of Materials. By Archie Hig- 
don, Edward H. Ohlsen, and William B. 
Stiles; 502 pages, 6% by 91% in., cloth- 
bound; published by John Wiley & Sons 
Inc., 440 Fourth Ave., New York 16, N. Y.; 
available from Macuine Desicn, $7.75 per 
copy postpaid. 


This book emphasizes the funda- 
mental principles of mechanics of 
materials. Logical methods of pro- 
cedure are developed and demon- 
strated, 

Free-body diagrams and the equa- 
tions of equilibrium are used to 
analyze the force system acting on 


a body. Also, geometry of the de- 
| formed body and the observed rela- 
| tions between stress and strain are 
| employed in system analysis. 


_ New Standards 


ASTM Standards on Light Metals and 
Alloys—B7. 368 pages, 6 by 9 in., cloth- 
bound; published by and available from 


| American Society for Testing Materials, 


Cleveland 13, O. 
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1916 Race St., Philadelphia 3, Pa.; $4.50 
per copy. 


This book contains 57 standards 


| concerning aluminum and magnesi- 


um metals and alloys. Fifteen of 
the standards are revised or have 
had their status changed since the 
previous edition. A new specifica- 
tion for aluminum-coated steel wire 
for electrical transmission purposes, 
and a new method of test for elec- 
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T/1 S-C wants senior electro-mechanical 
engineers who prefer to pursue projects 


from ideas to end results 


You won’t find frustrating bottlenecks in TI’s 
immense semiconductor mechanization program. 
Unhampered progress toward ideal end results is 
assured because TI permits mechanization engi- 
neers to stay with their projects from beginning 
to end. Hence the remarkably short time interval 
between conception and production of new TI 
semiconductor manufacturing machines and the 
devices they produce. 


In a broader sense your work will be a coopera- 
tive venture. For at TI S-C you are free to work 
even in the shop with tool makers, as with all 
other professional and technical specialists whose 
talents will help you convert your conceptions 


INTERVIEWS are scheduled for your area. If quali- 
fied for this position please send confidential 
resume immediately to C. A. BESIO, Dept. 118. 


TEXAS < INSTRUMENTS 


INCORPORATED 


SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 + DALLAS, TEXAS 


into realities. In this ideal working climate your 
challenging assignments will include design, 
development and evaluation of mechanical, elec- 
tronic and electrical mechanization equipment of 
widely varying types and sizes. 


Requirements: prime requisite is a creative mind. 
The men who fill these positions will be called 
upon to apply an unusual degree of ingenuity, 
imagination and initiative to the conception, de- 
sign and development of machines for mechani- 
zation of semiconductor production facilities. 
Practical experience in the theory and design of 
machines is necessary. A degree is desirable but 
not essential. 


Whether applying or not, mail coupon for your 
copy of TIps today and learn more about T/I 
Semiconductor-Components division. 


TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
P. O. Box 312, Dept. 118, Dallas, Texas 


Please send me TI/ps, containing specific 
facts about now available T/I S-C assign- 
ments in my field, and related information. 


NAME 





ADDRESS 





CITY 
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My specialty is 
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Wanted: Engineers 


with an interest in writing 


Like to break into an interesting field where you'll 
make good use of your engineering talents — yet 
have a chance to develop new skills? 


We're looking for several men with engineering 
experience and a yearning to write or edit. As an 
editor on Macuine Desicn, you would broaden 
your engineering background in a job that pro- 
vides stimulating contact with people in many 
engineering areas. 


You don’t have to have actual writing or editing 
job experience, although we expect definite ability 
in handling the English language. An ME or EE 
degree plus several years of design-engineering 
experience would be ideal, but we'll be happy 
to consider equivalent qualifications. Age: 25 to 35. 


If you’ve worked in a design-engineering spe- 
cialty area, we'd like to hear about it. We're 
interested in any job experience or training in: 


Mechanical drives, controls, systems 
Mechanical components, assemblies 
Electrical or electronic drives, controls, systems 
Hydraulic or pneumatic ems, drives, controls 
Materials and finishes selection or specification 
Design for manufacture or production design 


Our headquarters are in Cleveland. There is 
opportunity for travel to engineering meetings, 
expositions, and manufacturing companies. Salary 
will depend on your background and experience 


If you are interested, send a resume of your en- 
gineering background, and any evidence you may 
have of writing ability (we'll return this if you 
wish) to: Editor, Macnine Desicn, Penton Bldg.. 
Cleveland 13, Ohio. 
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trical conductivity using eddy-cur- 
rent procedures are included. 


Association Publications 


Welding Handbook—Fourth Edition, 
Section Three. Edited by Arthur L. 
Phillips; 512 pages, 61/4, by 9!/ in., cloth- 
bound; published by and available from 
American Welding Society, 33 West 39th 
St., New York 18, N. Y.; $9.00 per copy. 


Scope of this fourth edition has 
been widened to include new weld- 
ing processes and joining methods. 
Forge welding, thermit welding, 
soldering, plastics welding, adhesive 
bonding, oxygen cutting, arc cut- 
ting, ultrasonic welding, and stud 
welding are covered. 


Government Publications 


OTS Technical Reports. Copies of re- 
ports listed below are available from Of- 
fice of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


PB 161129. Steady State Undamped Vibra- 
tions of a Class of Nonlinear Discrete Systems. 
By P. R. Sethna, B. E. Fristedt, and V. G. 
Harvester, all from University of Minnesota; 
37 pages, 8% by 10% in., paperbound, stapled; 
$1.00 per copy. 

Steady-state vibrations of a class of non- 
linear discrete systems with an arbitrary num- 
ber of degrees of freedom are studied. Co- 
ordinates of the system are transformed to 
the principal co-ordinates corresponding to the 
linear part of the system and a perturbation 
scheme is used to obtain solutions. 


PB 161291, Basic Research Resumes—A Sur- 
vey of Basic Research Activities in the Air 
Research and Development Command. 342 
pages, 8 by 10% in., paperbound, stapled; 
$5.00 per copy. 

This summary index describes 1400 research 
projects conducted at U. 8. colleges and uni- 
versities, industrial laboratories, government 
facilities, and private nonprofit research in- 
stitutions. Technical program areas of propul- 
sion, materials, electronics, aeromechanics, 
geophysics, and biosciences are covered. 


NASA Technical Notes. Copies of pub- 
lications listed below are available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 


TN D-256. Fatigue Damage During Com- 
plex Stress Histories. By H. W. Liu and 
H. T. Corten, University of Illinois; 56 pages, 
7% by 10% in., paperbound, side-stapled; 
$1.50 per copy. 

Relation between fatigue life and the rela- 
tive number and amplitude of imposed cycles 
of stress was determined in wire specimens 
of 2024-T4 and 7075-T6 aluminum alloys, and 
hard-drawn steel. A two-parameter expres- 
sion, involving the per cent of cycles at high 
stress and a-stress interaction factor, was 
developed to determine fatigue life. The 
experimentally determined fatigue life proved 
the expression to be satisfactory. 


TN D-259. Roliing-Contact Fatigue Life of 
a Orystallized Glass Ceramic. By T. L. Car- 
ter and E. V. Zaretsky, Lewis Research Cen- 
ter; 35 pages, 7% by 10% in., paperbound, 
side-stapled; $1.00 per copy. 

Rolling-contact fatigue properties of a crys- 
tallized glass ceramic were investigated with 
a five-ball fatigue tester. Effects of contact- 
stress, contact angle, test lubricant, and test 
temperature up to 700 F are reported. This 
material may be useful in low-load, short- 
duration applications where an operating tem- 
perature above the limits of steels is the 
paramount design consideration. 
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to fasten 
panels 
or parts... 


LIGHT, STRONG 


TRIMOUNT 
STUDS 


Designed for rapid assembly of sheet-metal, 
plastie or composite structures, Dot Trimount 
studs are available in both permanent and remov- 
able types. They can be pushed into drilled, 
stamped or molded holes by finger-pressure alone 
yet they lock positively in place and resist con- 
stant vibration. 


Studs can be designed in steel or brass with var- 
ious flange configurations for clinch, clip or clamp 
attachment to flexible or rigid panels as well as 
for push-through assembly. Available in all stand- 
ard finishes... with or without decorative caps. 


DESIGN 


ENGINEERING SERVICE 


Designers, metallurgists and plastics specialists 
on Dot’s engineering staff are equipped to work 
out optimum combinations of metal and plastics 
to suit your particular requirements. 


> For further details, 
write for Engineering Data Catalog, Section H 


ER 
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Push Rivet Stud Push Rivet Stud Push Rivet Stud 
Shoulder Type (Capped) Tapered Type (Capped) Shoulder Type (Not Capped? 


© 


Push Rivet Stud Clinch Type Stud Clip-on Stud 


Tapered Type (Not Capped) 


Trim Stud Trim Stud Panel Type Stud 
Barrel Type Scissors Type 


¢ 


Loop Type Stud Panel Stud Panel Stud 
Staple Type Hook-on Type 


y o CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


a 
STEN 


“yg Offices in: Ailanta, Boston, Chicago, 
t Cleveland, Dallas, Detroit, Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, Syracuse 
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NEW! 


A “SHEAR:||\SEAC” VALVE 


for LESS than a spool valve 
RATED FOR 3000 P.S.I. OIL SYSTEMS 


$6590 


List Price* 
for a 34” valve 











*Less the usual 0.E.M. 
and quantity discounts, 


FOR EITHER 
PANEL MOUNTING 
OR BRACKET MTG. 
THREADED BOSSES 
ARE PROVIDED 


LOW HANDLE LOAD 
—PRESSURE LOAD 
CARRIED BY 

ROLLER THRUST BEARING 


* 


rm, 
z= . 
oa a 
1 te 
(AS) xf 
4 - 
SS 


EXCELLENT THROTTLING 
— COMPLETE CONTROL 
— GRADUAL OR 

QUICK OPENING 

— NO SURGES 


YEARS OF 

LEAKPROOF 

“ys MAINTENANCE-FREE 
SERVICE 

— SPRING COMPENSATES 

FOR NORMAL WEAR 


MORE FLOW 
THRU UNOBSTRUCTED 
ROUND FLOW PASSAGES 


NO EXTERNAL LEAKAGE 
— PRESSURE IS CONFINED 
TO FLOW PASSAGES 


For complete data on this new valve and 
for information on all your valve requirements e | 
write for Catalog V-59-60 & 


CONTROL VALVE DIVISION 
“s 
~ Warksdale valves 
5125 ALCOA AVENUE ¢ LOS ANGELES 58 ¢ CALIFORNIA 
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Adjustable-Rate Pneumatic Actuator 


Linear speed of a double-acting piston in an actuator 
is controlled by metering valves in the exhaust lines. 


| A spool valve controls direction of motion. When the 


spool is displaced to admit high-pressure gas to one 
end of the cylinder, it simultaneously vents the other 
end to a low-pressure region. The movable piston and 


| piston rod contain two internal secondary compression 





























chambers. Each of these chambers is connected to 
high-pressure gas through a check valve. Gas in these 
chambers cushions the movement of the piston. The 
rate at which gas is metered from a chamber governs 
the speed of piston movement. Patent 2,932,281 as- 
signed to North American Aviation Inc., by Arthur 
Moskowitz. 


Flexible Brake Shoe Assembly 














Leaf-spring section in backing plate of brake shoe 
maintains pressure not only between the backing 


_ plate and its radial support but also between the shoe 
| key lug and its tapered locking pin. Patent 2,933,164 

assigned to Westinghouse Air Brake Co., Wilmerding, 
| Pa. by Clarence R. Baechtel. 


Time-Delay Circuit Breaker 


Delay of 1/10 to 14 sec in breaking the switch con- 
tacts within a load circuit is provided by an incandes- 
cent lamp. Make and break operation of the load-switch 
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contacts is provided by a solenoid. When the control 
switch is closed, the lamp is de-energized and the 
solenoid coil is energized to close the load switch. When 
the control switch is opened, the coil remains energized 
momentarily by flow of current through the cold lamp. 
Increased resistance of the lamp through heating di- 
minishes the current flow to the coil. When the pull 
of the coil on the load switch decreases sufficiently, a 
spring opens the switch contacts. Patent 2,932,774 as- 
signed to General Motors Corp., Detroit, by Lyman 
A. Rice. 


Four-Bar Limit-Stop Mechanism 


A two-gear limit-stop mechanism uses a slotted, pin- 
mounted connecting rod to limit angle of rotation. 
Numbers of teeth on the gears govern the extent of 














angular motion and must differ by at least one tooth. 
For any gear combination, adjustment is provided by 
varying radial position of a pin. Patent 2,928,516 
assigned to the United States of America by Edward 
A. Bennett. 


Moving-web tension regulator measures tension in 
a sheet or a strand at one point for control at another. 
The moving web passes over a series of rolls, one of 
which is supported at the ends by two cantilever strain 
members, which bend in response to changes in web 
tension. Each cantilever carries two strain-gage ele- 
ments. Elements on corresponding faces of the two 
cantilever strain members are connected in series in 
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Tru-Loc Wire Rope 
Assemblies 


cata.oc 





Standard Tru-Loc Assemblies 

provide compact, efficient 

connections at less cost! 
@ Use this 28-page reference catalog to help simplify 
many tough dwsign problems. See the variety of 
Tru-Loc Assemiiies possible with Preformed wire 
rope and swaged fittings. They cut costs, simplify 
assembly, save space and improve the appearance of 
products. Send for your FREE catalog today and find 
out how one or more of these assemblies will fit your 
specific requirements. Catalog contains photographs, 
engineering drawings, dimensions—and it’s all been 
clearly condensed and charted for easy reference. 


FILL IN COUPON BELOW AND MAIL TODAY! 
American Chain & Cable Company, Inc. MD 
Wilkes-Barre, Pennsylvania 


Please forward my free copy of your New 28-page catalog 
TL-500 on Tru-Loc Wire Rope Assemblies 


Nome 
Cc ad 7 
Address 
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for 


Custom Plastics 
Extrusions 


consult 


YARDLEY 


TUBING 


Special shapes or stand- 
ard, rigid or flexible, in 
diameters from 1%” to 
16”. Our engineers have 
developed advanced tech- 
niques that can save time 
and money on the right 
shape for your specific 
needs, 


NOTEWORTHY PATENTS 





the opposite legs of a Wheatstone bridge, which trans- 


| mits a signal representative of tension conditions. Pat- 


ent 2,931,962 assigned to Huck Co., New York, by Wil- 


| liam F. Huck. 


Fluid-Filled Flexible Shaft Coupling 


Torque transmission with a hollow flexible element is 


| obtained when the flexible element is filled by a sub- 
| stantially incompressible fluid to resist buckling. The 
| flexible element and its supporting medium allow the 
| coupling to accommodate angular and parallel misalign- 




















ment as well as end play between connected shafts. 
Modifications of the basic design permit selective con- 


| trol of the degrees of freedom of the flexible element, 


SPECIAL SHAPES 


Patent 2,929,231 assigned to the Fire- 


one at a time. 


| stone Tire & Rubber Co., Akron, Ohio, by Thomas A. 


We extrude any shape in a variety 
of formulations to meet a wide 
range of design and performance 
requirements. Our complete tool 
and die shop is staffed with skilled 
technicians. We maintain a li- 
brary of more than 400 section 
dies, one of which may fit your 
product design. 


FABRICATED PARTS 


We shape, flatten, curve, swedge, 
dill and perform other fabrica- 
ting operations to make plastic 
parts ready for your production 
lines. Close tolerance, absolute 
uniformity, dimensional stability 
and high-gloss finish are standard 
production requirements at 
Yardley. 


Write for Bulletin 180 — and for | 
prompt quotation send us your prints | 
io MA | 


we) 


ey 


YARDLEY PLASTICS CO. 
140-142 PARSONS AVE., COLUMBUS 15, OHIO 
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| Bank. 


| Flexible Duct Mounting 


Dimensional changes in liquid-carrying ducts caused 
by wide variation of temperature and pressures are 


| accommodated by a spring mounting arrangement. 
| Bolted to the duct, three ring-type parts are so shaped 






































that expansion of the duct compresses two springs. 
Similarly, contraction of the duct compresses two dif- 


_ ferent springs. In either case, little axial force is trans- 


ferred to the mounting base. Patent 2,931,672 assigned 


| to the United States of America by George W. Merritt 
' and Joseph J. Yuhas. 
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SEALED 
RUGGEDIZED The “Original” 
PANEL METERS ae any 

HERMETICALLY SEALED... GLASS-TO-METAL 


MIL 22” (MR26) and MIL 3'2” (MR36) sizes. 
Also 1'2” Ruggedized and 412” Sealed 
Models. ua, ma, amp, my, volt, kv, ac rectifier 
types for voltage, decibel and VU measure- 
ment. Standard ranges. Bulletin on request. 
Marion Instrument Division, Minneapolis- 
Honeywell Regulator Co., Manchester, N. H., 
U.S.A. In Canada, Honeywell Controls Limited, 
Toronto 17, Ontario. 


Honeywell 


Fit in Coutiol 





a me ¢ bp 
: ha Sere THE FUTURE H 
*y : Pt z onrrer Since 1666 
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PAT. PENDING 


Eliminates leaks in oil, air, 
water, vacuum, chemical lines 


Tru-Seal saves hours in assembling piping 
installations because it enables you to 
run your pipe lines in any direction you 
wish, quickly and easily—without having 
to recut and re-thread piping sections. 
Wherever used on air, oil, water, steam, 
vacuum or chemical lines, it seals perfectly 
ot —100° F. to plus 500° F.—without the 
use of pipe dope. Its installation requires 
only light tightening torque, thus elimi- 
nating over-tightening damage to valves, 
pumps, compressors, and other fittings. 


For further information write 


TRU ‘SEAL DIVISION 


FLICK-REEDY CORPORATION 
7NO16 York Rd., Bensenville, Ill. 


“*Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp. 


Thread 
Tru-Seal 
on pipe or SEAL 
fitting as SIDE 


far as it 
will go y 
hand tight. 








Thread pipe 
or fitting 
3 threads 
into port. 
Point in 

desired 
direction. 








Tighten 
Tru-Seal 
to complete 
leakproof 
assembly 
(only light 
torque 
required), 
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GETTING THE BEST 4 
ANSWERS TO 


BRAKING PROBLEMS 


The formula is simple—and effective. Put 
your braking problems up to Bendix, 
number one designer and builder in the 
field. We have developed more brakes for 
more different vehicles and other applica- 
tions than anyone else. Currently, we have 
more than 400 different brakes in produc- 
tion for the automotive field alone. It could 
well be that one of our established models 
can answer your problem, too. If not, we 
can develop a specialized system for you. 
Ask our Customer Application Engineers 
for an analysis and recommendation based 
on your exact needs. 


BRAKE HEADQUARTERS 


Bendix bivis:ox South Bend, IND. 
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GEARMOTORS 


Dual Switch 5 Basic. Sines 


PRESSURE-VACUUM 
CONTROLS 


@ Speed up to 200 RPM 

®@ Power up to 40 in. Ib. 

@ Open or enclosed case 
®@ Continuous or intermittent 
®@ Machine cut gears 

@ Finish ground shafts 

@ Special features available 
® Millions in use 

@ Prompt delivery 

@ Samples at once 

@ Ask for our literature 


Motoresearch also designs and 
produces high frequency mo- 
tors, generators, rectifier type 
power supplies and other Spe- 
cial Electrical Equipment. We 
UNITED ELECTRIC’s Types J17A and H27A Pressure- invite your inquiries. 
Vacuum Controls are similar units that have been 
designed for applications where it is desirable to Millions of 
control two separate circuits at different pressures Mot h Gearmot 
by means of a single control unit. The major dif- oloresearch bearmotors 

ference between the J17A and H27A is that the now in use! 

J17A contains an uncalibrated adjustment while the 


H27A has a calibrated dial and single turn adjustment 


OPEN TYPE MOTOR 


knob and pointer for making pressure settings. 





Various ranges between 30” Hg vac 
and 180 psi limits. H27A is cali- 
brated. 





-seanct COMPANY 


for 1600 JUNCTION AVENUE 
RACINE, WISCONSIN 
Designers and Manufacturers of 


SPECIAL ELECTRICAL EQUIPMENT 





Switch Diflerential .... “pg | pre-set for values of 1” Hg to 


1 psi, dependent upon model. Circle 613 on Page 19 





Differential Between Factory pre-set for values of 3” Hg to 
Switches 4 psi, dependent upon model. 


Switch Ratings Up to 15 amps. at 115 or 230 volts IN SMALL 
A.C. 20 amp. A.C. or D.C. switches 
also available. es: PACKAGES 


N.O., N.C., or Double Throw — no 
neutral position. Can be made to work for YOU 
using propellants or explosives. 
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Maximum Pressure ... | Up to 180 psi. 


Electrical Connections .. | Lead wires attached to internally 
located terminal blocks via a 7%” 
opening. 
Pressure Connections ..| Viaa 14” female NPT on the bellows 
housing. 
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Tour H. P. WHITE LABORATORY 
offers complete research, development and 
testing facilities wherever there is a problem 
of providing energy-—given the limitations of 
space, weight and environmental conditions. 

Experience, equipment, facilities and per- 
sonnel are available for complete studies in 
yt the area of the controlled application of pro- 
ss; pellant and explosive energy. 


The H. P. WHITE LABORATORY has an 
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Die cast aluminum with a black 
wrinkle finish and a brass bellows 
housing. 
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J17A — Via pressure connection. 
H27A — Via pressure connection or 
holes in two dog ears. 








UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
special applications, standard units may be modified, 


or custom-built units can be provided. For addi- 
tional data on standard pressure-vacuum controls, 
including Types J17A and H27A, request Section 
300 of our new catalog. 


nied Electric Controls 


oS O MP: AON YY 


ae ae: WATERTOWN MA 
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- enviable reputation in the design, develop- 
: ment and testing of ammunition. 


If you have a specific problem NOW—or 


;* contemplate one in the near future—write us. 
+ We would be happy to discuss our services 


with you. 
Write Dept. B 








P.WHITE) LABORATORY 
ee BOX 331, BELAIR, MARYLAND 
DEVELOPMENT ENGINEERING 
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NEW §i0400'.9 .... THE ONLY 


DETACHABLE V-LINK BELTING TO 
USE SYNTHETIC FILAMENT YARN! 


SYNTHETIC FILAMENT 
TWISTED YARNS 














REINFORCED 
“PULLOUT” PROOF 
COVERS 





























6 PLIES 
MORE PLIES PER 
LINK 


BRAMMER KEEPS PACE 
WITH INDUSTRY .... 


HYPOWA OFFERS INCREASED HORSEPOWER 


RATINGS, GREATER RESISTANCE TO STRETCH, 
LONGER LIFE... . AT NO EXTRA COST! 


TRY IT ... COMPARE IT ... TO GET THE VERY 
BEST .. . SPECIFY BRAMMER 


STABILIZING 
STAPLE FIBERS 


























BRAMMER CORPORATION 


486 BROADWAY NEW YORK 13, N. Y. 
Circle 615 on Page 19 
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SPUR and HELICAL 


to Your Specifications 


© 


_ © Experimental Units 
¢ Pilot Runs 


wage ° Moderate Production 


Quality and Precision 


SPUR AMO HELICAL GEAR SPrCHALISTS BF 
OMGIMATORS OF ROTARY SmaviNg 
‘AND CLLIPTONO TOOTH FoRm 


Ask for Bulletin GL-1A 


NATIONAL BROACH & MACHINE CO. 
5600 St. Jean ¢ Detroit 13, Michigan 
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Want to Convert Rotary 
Motion into Linear? 





EATON 
OVERRUNNING 
BALL-SCREW 


may be your answer 





|The Eaton Overrunning Ball-Screw is a simple, 
| versatile mechanism that converts rotary motion into 
linear. In such basic applications as actuators for 
opening doors and windows, and positioners of 
various kinds, this device offers the designer many 
advantages: 


Nut stops af end of travel, and overruns 
without jamming 

No limit switches or anti-stall devices 

are required 

High mechanical efficiencies reduce power 
requirement 


Can be installed in inaccessible or sealed-in 
locations for remote control operation 


Permits compact, space-saving assemblies 


The Eaton Overrunning Ball-Screw may be adapted 
to an almost endless number of applications. Send 
for illustrated descriptive literature. 


SOME POSSIBLE APPLICATIONS 


WINDOW LIFTS @ SEAT ACTUATORS e TRUNK LID LIFTS ¢ DIE TABLE 
POSITIONERS « DOOR CONTROLS e CONVERTIBLE TOP LIFTS e CHAIR 
ADJUSTERS e SURGICAL AND HOSPITAL EQUIPMENT e¢ SPEED 
CONTROL DEVICES @ MECHANICAL TOYS e BUSINESS MACHINES 


® 
EATON 
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SAGINAW DIVISION 
MANUFACTURING COMPANY 
9771 French Rd. @ Detroit 13, Mich. 
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GEARS AND 
SPLINES 


Precision-ground as 
small as .060 pitch di- 
ameter and smaller... 
to 36 inches pitch di- 
ameter and larger. Spur 
and helical gears, 
splines, internal gears 
and racks. 





PRECISION GEAR 
ASSEMBLIES 


Complete gear boxes 
and gear trains... from 
designing to manufac- 
turing to assembling all 
the components, Equi- 
table’s staff is efficiently 
equipped to handle all 
or any portion of the 
job. 





MASTER 
GEARS 


Precision manufactured 
master gears to a total 
composite error of 
-00005 where necessary 
... including spurs and 
helicals from 2 to 200 
diametral pitch. 


SPECIAL PROBLEM? WRITE, WIRE OR 
TELEPHONE EQUITABLE ENGINEERING TODAY... 





GREATER TONNAGE PROTECTION AT 
LOW COST WITH... 
S-A TOTALLY ENCLOSED 


HOLDBACKS 


ADVANTAGES 


Prevents disastrous reversal of heavily loaded belts 
during power failures. 

Engages without shock .. . Instantly holds . . . Instantly 
releases when power resumes. 

Eliminates feeder point flooding . . . protects men and 
equipment. 

Easily installed . . . Economical to purchase, operate 
and maintain. 

2 "6" to 12” bore sizes available. 

Stocked for immediate delivery. 


\ Request Catalog No. 557. 
S-A STANDARD PRODUCTS DIVISION 
———— STEPHENS-ADAMSON MFG. CO. 
18 RIDGEWAY AVENUE * AURORA, ILLINOIS 

: PLANTS LOC. : , CALIFORNI 
Sa CLARKSDALE, MISSISSIPPI ® SALEVILLE, ONTARIO 
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ENGINEERING COMPANY 
2724 NORMANDY ROAD ® ROYAL OAK, MICH, 
PHONE LIBERTY 9-5300 


Member: American Gear Manufacturers’ Association 


ALL ABOUT EQUITABLE: 
This fact-filled, profusely illus- 
trated 16-page catalogue des- 
cribing Equitable’s abilities is 
yours for the asking. 
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CR REIN ISON TE ER By 


NEW 4,” 
_ SOLENOID VALVE _ 


Se 


for Air or Oil 
Hydraulic 
Service, 

30 to 

150 p.s.i. 


* ULTRA COMPACT...only 4-9/16” long, 3-5/16” high, 
1-3/4” wide overall ! 

%& NON-CORROSIVE CONSTRUCTION ... brass and alumi- 
num throughout. 

* “O” RING SEALS...replaceable without disturbing 
piping. 

*& AVAILABLE IN SINGLE OR DOUBLE SOLENOID for all 
popular a.c. or d.c. voltages. 

%* 3-WAY (3 port) OR 4-Way (5-port) MODELS, with or 
without exhaust speed control valves as shown. 
Standard ports are female 1/4” NPT. 

MODERNAIR's new BY Series 4” solenoids put the onsway 

to scores of fluid power control problems literally in the 


palm of your hand.Why not get the facts now? Write or wire 
for specifications, prices. 


<— CORPORATION 


Dept. 63 400 PREDA ST., SAN LEANDRO, CALIF. 
Member National Fluid Power Association 20 
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DRAFTSMEN! 
ENGINEERS! 
DESIGNERS! 


SEND FOR YOUR FREE COPY! 


TA’s new Manual 210G gives you 94 pages of prints, 
tables, illustrations, specs and installation tips. 


Save money for your company. Conserve your valuable time. 
Don’t design clamps when TA offers you 40,000 of them to choose 
from at off-the-shelf prices! 

This free manual shows all sizes and styles of loop clamps, 
bonding clamps, multiple clamps, center clamps, wire harness 
clamps, wave-guide clamps—plus blocks, brackets, busbars, line 
supports, and related items. 

Sizes from 4%” to 6” diameter in 16ths for bolt mountings from 
#4 to %”. Available in aluminum, steel, and stainless. All manner 
of high and low temperature insulation materials. 


h Put this free manual to work for youl Write TA today. 


TA Mfg. Corp. 4607 Alger Street 
Los Angeles 39, Calif. (or call CH 5-3748) 
TWX 9863 Glendale, Calif. » WUX CAT Los Angeles, Calif. 
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AUTOMATIC and REMOTE 
POSITIONING CONTROLS 


Your present product, without redesign, can be controlled 
BY JORDAN 


20 


SIZES AND TYPES OF 
ELECTRIC ACTUATORS 
both rotary and linear 
for valves, feeders, vari- 
able speed drives, pumps, 
reactors, storage convey- 
ors. Program and position 
controls for a wide variety 
SHAFT MOUNTED of industrial equipment. 
ROTARY ACTUATOR 


write for NEW FREE 16- oy : on 


Shows stock models, specifi- 
cations and ratings on all 
Jordan actuators, remote 
positioners, electronic limit 
switches, punch card control 
of process formula and pro- 
gram, load, tension and ma- 
chine tool controls. 


Representatives in principal industrial centers. 


Whol ge7 V. Motel. pa: fe) Real. Tom 


3235 ‘West Hampton Ave., Dept. 10, Milwaukee 9.’ Wis 
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FEATHER 
TOUCH 


SNAP 


ACTION 
COIN 


SWITCH 


@ Feather touch operating torque (4 inch- 
grams max.) 


@ Friction-free blade pivot 

@ Lateral rock-wipe contact action 

® Positive stops molded in case 

@ Rated: UL 5 amps/250 V a-c 

Extremely low operating force and precise toler- 
ances provide positive electrical control for pres- 
sure indicators, sensing timers or relays, office 


machines and vending machines. Operating 
force can be varied by length of actuator wire. 


Your switching problems may find so- 
lution from over 8,000 Cherry switch 


variations.Write for complete literature 
Gf today! 
¢ HERRY eLectricar 
~~ PRODUCTS CORPORATION 
1645 Deerfield Rd. © Highland Park, lil. 
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AUTO-PONENT 
‘FLOW CONTROL, 
“NEEDLE, CHECK 


ea a" a 


For HYDRAULIC or 
Large Volume AIR 
APPLICATIONS 


Patent #2,841.174 


Auto-Ponent 
Valves with over- 
size ports and 
passages provide 
maximum flow with mini- 
mum pressure drop... in- 
sure greater accuracy and 
quick response in hydraulic 
large volume air cylinder con- 
trol. Self-aligning needle has 
unique Quad-Ring gland seal located 
at pressure port to seal off threads 
in needle housing, allowing needle 
to turn easily under maximum pres- 
sures. Gland structure and location 
also prevents air or dirt trapping in 
the housing. Flow Control and Check 
Valves have sensitive, chatterless 
ball check. Patented design insures 
rapid ball movement to open or 
close fully at low differentials. Made 
n 5 female Dryseal pipe sizes from 
4,” to 34” inclusive. 3 Models: Stand- 
ard, Knob and Dial, and Panel 
Mounting. Valve bodies are forged 
aluminum (3000 psi), steel or stain- 
less steel (5000 psi). All internal 
parts are Stainless. Typical applica- 
tions shown at right. Write for 
catalog AP59. 





Model KF Knob 
and Dial Flow 
Control Valve 


INLET SPEED CONTROL 
For Double Acting Cylinde,s 


nates 
owners conto 


a. 
HsB0 


CLOSE CONNECTION 


} Hee 





bee eacrien 


ip hp 


CLOSE CONNECTION 


SPEED CONTROL 
Single Acting Cyiinders 





For AIR 
APPLICATIONS 





Patent #2,811,174 


Pneu-Trol Flow Control, 

Needle, and Check 

Valves are widely used 

for air or small volume hydraulic 
cylinder controi. Extremely com- 
pact design permits consolidated 
piping arrangements. Long ta- 
pered needle provides very sensitive 
and accurate air or oil flow control. 
Sensitive floating ball check opens 
or closes fully at slightest differen- 
tials. Valve bodies are machined from 
solid hexagon bars of aluminum or 
brass (2000 psi) steel and stainless 
steel (5000 psi). All internal parts 
are stainless steel. Made in 5 female 
Dryseal female pipe sizes: 19” to 34” 
inclusive. Typical applications of 
Pneu-Trol Flow Control Valves are 
shown at right. Write for Pneu-Trol 
Valve Catalog No. 22. 


Pneu-Trol Flow 
Control Valve 


INLET SPEED CONTROL 


For Double Acting Cylinders 


ARROW INDICATES 
DIRECTION OF CONTEOL 


om OF 




















LENGTH OF CONNECTION 
CONTROLS CUSHIONING 
ACTION 


EXHAUST SPEED CONTROL 
For Double Acting Air Cylinder 











AUTO-PONENTS INC. 
2925 Grant St. ¢ Bellwood, IIlinois 





Stop Overdesigning— 
MAKE THE FIT‘ THE 


mw HEAD! 


MICROSPIN —Northfield’s new min- 
iature precision instrument bearings. De- 
signed for a wide variety of applications 
where speed and torque requirements do 
not justify the high cost of expensive ball 
bearings, but where precision instrument 
standards of tolerances, life, and friction 
must be maintained. 
MICROSPIN bearings are precision-made of sintered bronze per MiL- 6 5687, 
Type |, Comp. A, with 4% Molybd Di hide. Oil-impreg com- 
pletely self-lubricating. Interchangeable with standard miniature ball bearings 
—at only 14 the cost! In stock—immediate delivery of production quantities! 





oon. AUMOUT OF BORE 40D. wiTnm DOOR 


RUNOUT OF BORE TOMS WITHIN OORT) ® 


WRITE, PHONE for catalog-engineering data on standard and special sizes. 
Northfield Precision Instrument Corp., Island Park, L.1., N.Y. GEneral 1-1112 


NORTHFIELD 


PRECISION INSTRUMENT CORPORATION 


Circle 625 on Page 19 











Well groomed horse power 
calls for careful brushing! 


Careful brushing calls 
for Ohio Carbon. 


We offer: 
Experimental Design. 
Lab Testing. 


A Library of Stock 
Brushes. 


*Complete 
Free Literature. 


AND FREE SAMPLE BRUSH 


The CARBON COMPANY 





‘A TALE OF FRACTIONAL HORSE POWER 


12508 Berea Rd., Dept. 281, Cleveland, 11, Ohio 
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New Low-Cost 


PLUG & RECEPTACLE 


positive 
lari 
NO. 1055-15 = 


15 circuit fast-simple 


unit shown mm | all-metal VIBRATION 


CUSTOM REQUIREMENTS onap-lock 


AT STOCK UNIT COST! terminals ISOLATORS 


Unique molding method permits cunp-ellp 
from 3 up to 60 circuit combina- panel mounting 
tions made to your needs. Plug or 
receptacle accepts male and female pn 

terminals. Minaturized— crimped 

a 15 circuit unit is only to wires 

3/4” wide and 1-1/16 ions tit oie 


long. @ __ per connection 
125/250 V a-c 





i] MOLEX PRODUCTS COMPANY 








9515 Southview Avenue, Brookfield, Illinois 
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GOLD SICON withstands 500 °F 


Gold SICON protects the grill and grill pouch of this 
attractive Quaker space heater under temperatures of over 
500°F., without peeling, flaking, powdering or discolor- 
ing. And it will retain its bright appearance indefinitely ! 
Do as Heil-Quaker did. Test SICON . . . up to 1000°F. for 
Sicon-Aluminum or black . . . from 500° to 650°F. in gold on Instruments and Controls 


or other decorative colors. Write for Sicon brochure and 
free sample offer... today! Dept. F-9 


SICON, protects and preserves—wherever there is heat. Unique, all-metal construction out-performs 
rubber (soaks up shock and vibration from 
all directions) and outlasts rubber, too (un- 
affected by dirt, abrasive grit, oils, corrosive 
atmospheres). Available in plate and cup 
types to handle loads up to 35 lbs. per mount. 

Actual Equiflex installations have saved 
as much as twice their own costs in a single 
year by reducing repair costs for instrumen- 
tation and control equipment. 

< 





full details on request 


~, 
w 
* 
¥S 


c 
. Wee. | ! 
Sicon Leoni «€6Clh Whe UCINITE “EmB™ 

’. MIDLAND COMPANY 


pics Rs wipes cae shi Division of United-Carr Fastener Corp., 
ioe. Newtonville GO, Massachusetts 
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POWER DRIVES- COUPLINGS - REMOTE CONTROLS 


e Cut Assembly Time 


¢ No Exposed Moving 
Parts 


e Improve Efficiency 


e Eliminate Gears, etc. 

e Save Space, Weight 

e No Alignment 
Problems 


Write for Engineering and Design data 


FLEXIBLE SHAFT CO., INC. 


112 Summit Ave., Chatham, N. J. 
MErcury 5-8500 
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MAYLINE 








Outstandingly Different 


The Mayline DESK-O-MATIC 


A new desk height adjustable drafting table. Settings for 
top tilt and top height are made by the operator from 
his position at the front of the desk. 


MAYLINE 


Designers and engineers were shown the Desk-O-Matic 
at shows held recently in New York and Detroit. This 
table explained in Folder S-24. Send for your copy. See 
your local dealer for prices and delivery. 


MAYLINE COMPANY, Inc. 


601 No. Commerce St., Sheboygan, Wisconsin 








MAYLINE 
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WORM GEAR 
SCREW JACKS 
by JOYCE 


For... 

Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 

= Leveling Systems 
b> 2 Welding Positioners 

Jigs 
Testing Equipment 


Models, one ton and up. Can be driven by 
motors or manually operated ... synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available . . . also 
Stainless steel or hollow screws. 

SEND COUPON FOR FOLDER TODAY! 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 


NAME 





COMPANY. 





ADDRESS 
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SPEED 
SELECTOR 


EAVES 
yapiapit. ith 


UM > Speeds on 
Variety of Machines 


Mowers and 
Tractors 


Equipment 


Machine Tools Materials Handling 


Wide Speed Range! Low Cost Sheaves 


ment extra wide-range speed FREE! 
| control on fixed centers. Effi- WRITE 

cient, rugged, simple to ure — TODAY 
| low in cost! Write for Illustrated 





Bulletin. 


Tod om ee) ai, | om 
P.O. BOX 312-B e CHAGRIN FALLS, OHIO 
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DIAL HEAD AGASTAT”® 


time / delay / relays 


These relays have recently been re-designed—improved in 
performance and appearance. So you'll want up-to-date 
specs. 

This free folder gives complete details on all models. In 
it you'll find operating specs, timing ranges, contact ca- 
pacities, dimensions, diagrams of contact and terminal 
arrangements, and data on mounting and installation 
accessories. 

For your copy, write: Dept. A34-628. 


AGASTAT TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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DRIV-LOK 
Ot ne 


advantages? 


Positive anchoring . . . once in 
they stay in... yet they’re re- 
usable 


Stronger, safer, solid body 


Quick installation . 
Costs 


. . Lower 





DRIV-LOK Pins are effecting great econ- 
omies and product improvement in appli- 
cations of every type. Easy to install — 
just drill the hole and press or drive 
them in. The job is done —no reaming, 
no expensive hole preparation. Available 
in carbon steel in 8 standard types; also 
a wide variety of special materials. Write 
us, describing your fastening require- 
ments. Catalog and samples sent without 
obligation. 


NOOO G GUE 


DRIV=LOK sates corporation 


715 Park Avenue ®@ Sycamore, Illinois 
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SOUTHWEST 
dd 44 


F 


SELF-ALIGNING 
BEARINGS 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 


ANALYSIS RECOMMENDED USE 


Stainless Stee! Ball 
and Race 


2 Chrome Alloy Steel 
Ball and Race 


3 Bronze Race and 
Chrome Steel Ball 


For types operating under high 
temperature (800-1200 
degrees F.). 

For types operating under 

high radial ultimate loads 
(3000-893,000 Ibs.). 

For types operating under 
normal loads with minimum 
friction requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. MD-M60. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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e Long life 
@ Easy wiring 


e Wide-range 
adjustability 
KEBP2HB-5 
Check 


Nylon bearing in roller these 
rotating on steel stud, five 

needs no lubrication, advantages. 
gives years of service. %, 

Nylon insert in plunger cuts 

friction, minimizes side thrust, 

decreases wear on plunger bearing. 

Die-cast roller arm and forged 


actuator arm give high strength 
and rigidity. 


Roller-arm position is infinitely adjustable 
through a full 240 degrees of arc. 


Arm-adjustment focknut is 
self-tightening. 


And, as in ali UNIMAX 
enclosed switches, wiring is 
easy because 
@ all connections are 

made with standard 


basic switch outside 
metal case 


switch is removable 
from either side of 
case 


metal case can be 
mounted from either 
side. 
Write for catalog 
that gives details of the 
entire K series. 


ELECTRICAL 
RATINGS: 


20 amperes 


KER2HB-5 125/250/480 v. a-c 


KEB2HB-5 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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FLOW 


indicators 


TELEFLOW INDICATOR 


Mechanical and electrical flow indicators; single and 
double-window flow sights; window flow indicators; 
and a full line of sight-feed oilers for O.E.M., in- 
plant and mill or machine installations. 


FLOW 
INDICATORS FLOW SIGHTS 








416-PAGE 


IPit(C MASTER 
CATALOG #21 


Lists over an elere) 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 


Available From STOCK! 


GEARS * SHAFTS* COLLARS* CLUTCHES 
BEARINGS * COUPLINGS « DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts & Components. 


Send for 


your FREE 2\PIC DESIGN CORP. 


to 





dary. Ad sobsdiary ot BENRUS WATCH COMPANY, Inc. 


477 Atlantic Ave., East Rockaway, L.I., N.Y 
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SPECIAL 


Se 


1. QUAD-RING® 5. QUAD-DOUBLE- 
BAK 


2. QUAD-LIP® 
6. QUAD-DOUBLE- 
3. QUAD-BON® BAK-BON 


4. QUAD-BAK® 7. QUAD-KUP® 
QUAD-RING® BASIS FOR THE DESIGN OF A WHOLE FAMILY OF VERSATILE SEALS 


QUAD-RING— An exclusive development of Minnesota Rubber to give 
outstanding service in a wide range of dynamic and static sealing applica- 
tions. QUAD-LIP— Developed for applications which require zero leakage 
at very low pressure differentials with minimum mechanical interference. 
QUAD-BON— Provides maximum resistance to spiraling in the smallest 
space possible while maintaining the sealing characteristics of the basic 
Quab-Rinc. QUAD-BAK— Designed to eliminate damage to packing when 
subjected to extreme extrusion in one direction only. QUAD-DOUBLE-BAK - 
A double acting packing for maximum resistance to extrusion while main- 
taining two effective sealing lips. QUAD-DOUBLE-BAK-BON— Provides maxi- 
mum resistance to both spiraling and extrusion in a double acting installa- 
tion. QUAD-KUP—A unidirectional seal used where low friction is desirable 
but tolerances require a relatively large rubber-to-metal interference to 
take up for runout. These special cross sections of the basic QUAD-RING 
design are just a few of the modifications possible to give complete versa- 
tility for any sealing application. 

Manufactured under U.S. patents RE 24332 and 2,873,132, other patents pend. 
WHED 
| 

FOR MORE INFORMATION ON ed 
QUAD-RINGS AND A COPY OF THE 
MINNESOTA RUBBER FACT BOOK... 


op WRITE DEPARTMENT 825 + 3630 WOODDALE AVENUE 
MINNEAPOLIS 16, MINNESOTA 
Circle 640 on Page 19 


DQUAD-RING 
DESIGNS 





electro- 
magnetic 


P] hj om - 7, 7-1. ¢ 
BULLETIN 


8 Pages 


packed with 
Siar data... 
electric : dimensioned 
drawings... 
torques... 
weights... 
selection 
information. 
Request 
Bulletin 605 


of ANY Machine Specify Stearns 





ELECTRIC CORPORATION 
120 North Broadway 
Milwaukee 2, Wisconsin 
Phone: BRoadway 2-1100 


THE COMPLETE LINE OF CLUTCHES... BRAKES... CLUTCH-BRAKES 
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INDICATOR LIGHTS 


for heavy duty industrial applications 


Mounts in 1” 
clearance hole 


No. 104-3502-XP10-231 


DISCS with legends, 
behind flat lenses, 
deliver specific messages. 


NO OIL, WATER, 
DUST or FUMES CAN 


PENETRATE THE 


(Illust. approx. 
€0% actual size) 


Mounts in 1” 

clearance hole 
Complete oil-tightness on the No. 103-3502-1331 
panel surface is assured by 
the use of retained oil-proof 
gaskets—plus gasketed lens 
assemblies in which the lens 
is sealed to its metal holder. 


Designed for Severe Service: 
Heavy duty features include: 
One-piece solid brass bushing, 
solid brass lens holder, per- 
manent-color glass lenses, 
high impact phenolic insula- 
tion, and rugged terminals. 
Wide Range of Sizes: Series of 
units are available for mount- 
ing in clearance holes ranging 
from 11/16” up to 1-5/8” in 
diameter...with several lens styles in a choice of 7 colors.. 
with binding screw, soldering, or quick connect terminals. 
For Neon or Incandescent Lamps (with screw-base or bayonet-base): 
With Neon (including high-brightness types) DIALCO offers 
BUILT-IN RESISTORS (U.S. Pat. No. 2,421,321) for use 
on circuits of 105-125 V., and 210-250 V.; (simple external 
resistors are provided for all higher voltages). 
Every assembly is available complete with lamp. 
SAMPLES ON REQUEST—AT ONCE—NO CHARGE 
Ask for Brochure L-200A. 


“on 125-410-111) 


Mount in 11/16” 
clearance hole 


No. 125-1308H-1191 
(high brightness Neon) 


54 STEWART AVE., BROOKLYN 37, N. Y. * HYacinth 7-7600 
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CAREER 
OPPORTUNITIES 


WITH 


BAUSCH « LOMB 


SENIOR MECHANICAL ENGINEERS for commer- 
cial product design involving mechanism and 
kinematics. Four to ten years of experience 
required to fill positions created by an ex- 
panding line of products. Plant visit and mov- 
ing expenses are company paid. For further 
information send résumé to: E. Faro, Tech- 
nical Placement Director, Bausch & Lomb, 

635 St. Paul Street, 


GGT MCMRON EEE Lochester 2, N. Y. 
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What is YOUR special 
Research Interest? 


You’re almost certain to find it and 
pursue it under ideal research (and human- 
relations) conditions at Battelle. You can 
advance at your own pace in a truly pro- 
fessional atmosphere with professional as- 
signments. 


At no cost, you may work on an ad- 
vanced degree at adjacent Ohio State Uni- 
versity. Battelle itself is a center of learn- 
ing with excellent research facilities includ- 
ing unmatched libraries of world-wide 
sources. 


Salaries are competitive and the benefits 
program is outstanding. Living conditions 
and recreational opportunities are among 
the best anywhere. 

Special opportunities exist in: Machine 
Design and Development, Production En- 
gineering, Internal Combustion Engines 
and Related Fields, Vibrations, Instru- 
mentation, Thermodynamics . . . For full 
information and application forms, write to 


Russell S$. Drum 
Mechanical Engineering 
BATTELLE MEMORIAL INSTITUTE 
505 King Avenue Columbus 1, Ohio 











IDEAS! 


for heavy equipment _. designers 














Oe “ 








Looking for new solutions to heavy-duty power problems? 

This new brochure has full information on heavy-duty 

transmissions with input torque capacities of 150 to 

2500 ft-lb. Included is “idea material” describing: 

@ Standard transmissions customized to each application 

@ Wide variety of “engineered-to-order” transmissions 

@ Specifications (capacities, speeds, gear ratios) for 
heavy-duty applications 

@ Examples of single-speed, multiple-speed and right 
angle drive transmissions 








Send coupon for your free copy... or see our Catalog 
in Sweet's Product Design File today! 


Cotta Transmission Co., 2340 - IIth Street, Rockford, Illinois 
Please send my copy of "Cotta Heavy-Duty Transmissions” to 


Name 





Company 
Address 
City 
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ENGINEERS 


AVAILABLE OR WANTED 


AVAILABLE: Design Engineer for board work. Offering you 
competence, ability and twenty years’ experience on design 
of product, power press dies, automatic and other machinery, 
production tools; quality draftsmanship; ingenuity and 
originality on development of ideas. Temporary engage- 
ments or projects. Fee basis. Any location. Address: Box- 
holder, 202 Back Bay Postal Annex, Boston, Massachusetts. 


WANTED: Machine Design Engineer, 29-50, required by ex- 
clusive supplier of electrical and electronic component pro- 
duction equipment. Require five years diverse experience in 
machine design. Must have held responsible position in ma- 
chine design layout, etc. for at least two years. To work 
on special equipment design, integrating electronics and 
mechanics in creating, engineering, and fabrication of cus- 
tom designed production machines. Background in resistors, 
capacitors or semi-conductor components helpful. $6,500 to 
$12,000 depending on experience. Address box 972, 
MACHINE DESIGN, Penton Blidg., Cleveland 13, Ohio. 


WANTED: MECHANICAL DEVELOPMENT ENGINEER. Parke, 
Davis & Company has an excellent opportunity with a 
promising future for a Senior Design Engineer. This engineer 
must be capable of exercising ingenuity and creative think- 
ing. and he must assume full responsibility for complete 
projects. Assignments will require engineering and practical 
skill in the design and development of special machines to 
mechanize the research and production of pharmaceuticals. 
Many of the projects will be in the field of packaging ma- 
chinery. Excellent salary—professional atmosphere—and 
company benefits in an estzblished, highly respected organ- 
ization. For further information contact Mr. J. W. Matheus. 
Employment Manager, Parke, Davis & Company, Detroit 
32, Michigan. 


MacHINneE DesIGn 
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backtalk—— 


—Jolly Good Fellows 


Congratulations are in order and are being 
exchanged by Colin Carmichael and Jesse Huck- 
ert, both of whom have been elected Fellows 
of the American Society of Mechanical Engi- 
neers. Jesse’s elevation to this level of ASME 
was sponsored by the Production Engineering 
Division. He learned of the honor several 


months ago and accepted it officially at the di- 
vision’s conference in May. Colin, serving as 
toastmaster at the spring meeting of the Cleve- 
land Section of ASME, introduced the chair- 
man of the Honors Committee and had hardly 
settled back in his chair again when he was 
called upon to accept his own honor. 

A Fellow of ASME must have logged 25 years 
of active practice, “. . . must have made out- 
standing and recognized contributions to the 
advancement of the science of engineering or 
teaching of engineering . . .” and “. . . should 
be recognized as an outstanding authority in a 
particular field of engineering . . .” With such 
requirements it is no wonder that only 1 per 
cent of the membership ever gets to be Fellows. 
We are proud to have more than our share. 


—ln This Corner 


No, we don’t have a sectiou of our office 
space roped off and labeled “The Editors’ Cor- 
ner” just to have a place where we can shake 
hands with each other; background of the pic- 
ture of Colin and Jesse is Macuine Desicn’s 


booth at the Design Engineering Show. We 
couldn’t get these two busy Fellows together 
in Cleveland to take a picture, so we had to 
catch them at the show in New York. Jesse, 
who is chairman of ASME’s Machine Design 
division, presided over the conference sessions; 
Colin was an “interested observer.” We were 
all interested attendees of the show and were 
glad for the opportunity it afforded to meet and 
talk with the 20,000 of you who were also 
there. 


—All About Articles 


For our last October 15 issue, Colin Car- 
michael wrote an editorial encouraging the writ- 
ing of articles; in this same issue your helpful 
Backtalk page offered two pamphlets to aid the 
neophyte author. In typical story-of-our-life 
fashion, we soon discovered that the supply 
of one of these pamphlets was not going to be 
enough to take care of the demand. Response 
was gratifying to the point of embarrassment, 
since we had to write back to many people and 
ask them please to be patient while we pre- 
pared a new edition. 

We can now report that the new pamphlet, 
called All About Articles and combining the 
contents of the two former ones, has been 
mailed to all the patient readers who have been 
watching their mailboxes for them. Not only 
that, but we still have some copies left—a 
couple thousand of them. Anybody who wants 
one can get it free and IMMEDIATELY by 
writing to: Editorial Dept., Macuine Desicn, 
Penton Bldg., Cleveland 13, Ohio. 


—More for Free 


While the spirit of generosity is stirring 
within us, we would like to point out the avail- 
ability of free reprints of Macnine DeEsicn 
articles. A fresh list of those currently available 
is in this issue, along with a convenient coupon 
for requesting copies. While you’re back here, 
why not take a look at Page 278 to see if 
there’s anything you can use. 
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Experience—the added alloy in Allegheny Stainless 





have been developed to offer new an 
pwers to many design problems. With 
these improved fabricating rechniques, 


components that 
or more materials 
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can often bz made 


better ar mure economically from one 


Stainless Cocktail Set 
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“Design and Allegheny Stainless’ is illustrated page 
after page with hand-picked examples of good design 
in the gleaming metal. 

Twenty-four photographs and drawings in full 
color, twenty-six in dual color and black and white 
become a showcase of the versatility of stainless. 

The examples are presented with text in terms of 
Function, Shape, Texture and Color. They cover 


Packed with actual examples of good design—and ideas for future 
applications 


Joining tech, 


Mantes, Auto Heaters t 


oi ay Type 4 lip hich” 
No retura Ranges are neogtne ™oiding 


Riques Using adhes. 
methods are als 


many fields from automotive parts to holloware for 
the home . . . to open new horizons for the designer. 

There is a working outline of types and properties 
in the many grades of Allegheny Stainless. Some of 
the new textures illustrated will interest the designer 
looking for new effects. 

Write for your copy of “‘Design in Allegheny 
Stainless Steel’’—without cost or obligation. 
Allegheny Ludlum Steel Corporation, Oliver Build- 
ing, Pittsburgh 22, Pa. Address Dept. MD-6. 


ALLEGHENY LUDLUM 


Export distribution: 


EVERY FORM OF STAINLESS .. 


AIRCO INTERNATIONAL 


- EVERY HELP IN USING IT 


Circle 646 on Page 19 
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THE NEW M109 Ratiomotor (foreground) for horizontal right angle permits easy mounting in many positions. The NEW MW109 (in 
drives is furnished with 1/20 hp or .035 hp motor. Output speeds hand), for horizontal parallel drives, is also furnished with 1/20 hp 
range from 43.8 to 350 RPM. New standard mounting bracket shown or .035 hp motor. Output speeds range from 1.9 to 70 RPM. 


NEW Ratiomotors meet demand for 
ISTON Gear efficiency in “pint-size” power packages 


Now, you can get BOSTON Gear quality the big line of over 1600 BOSTON Gear 
and lasting economy in speed reducers for 100 Series Reductors and Ratiomotors . . . 
drives as low as .035 hp. Two new units, and you can get it FROM STOCK. Catalog 
designed for space-saving, provide a wide No. 57, with the NEW PRODUCTS Sup- 
range of output speeds. plement, lists full information. Get your 

When you need worm-geared reducers, copy. Boston Gear Works, 64 Hayward St., 
you'll find any type and ratio you want in Quincy 71, Mass. 


Advt. copyright by Boston Gear Works 


CALL YOUR 


NEARBY | >| - : | , , = ‘ Ask Distributor for 
>— 5 | . NEW PRODUCTS 
SUPPLEMENT 


™ STANDARDIZATION PAYS = tia 


Circle 402 on Page 





How Parsons mounts shafts to take 
heavy loads, keep Trenchliner digging 
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Parsons Company engineers used 10 Timken® tapered 
roller bearings to help solve load-carrying problems 
in their Model 150 Trenchliner. Radial and thrust 
loads are heavy as the Trenchliner digs fast—25 fpm., 
digs deep—5’9”, digs wide—26”. By using Timken 
bearings in the transmission assembly shown above, 
their engineers assured positive alignment of gears and 
shafts under all loads. Digging goes steadily. For more 























than 40 years construction equipment engineers have 
used Timken bearings because: 1) The taper lets 
Timken bearings take radial and thrust loads in any 
combination. 2) By holding shafts concentric with 
housings, Timken bearings make closures more effec- 
tive in keeping lubricant in, dirt out. 3) The extra load 
carrying ability of Timken bearings takes care of the 
rugged going and provides longer life. 


BETTER-NESS rolls on 


eS eS ae. 


tapered roller bearings 


TIME - AND - MONEY-SAVING 
ENGINEERING SERVICE. Often 
our graduate engineer salemen 
can solve your bearing problems 
on the spot, help you design the 
most economical applications. 


WEATHER CONTROL" LAB”. We test 
bearing performance under all con- 
ditions of operation, including tem- 
peratures as low as-60°F. to make 
sure Timken bearings roll the loads 
anywhere and in any weather. 


Circle 403 on Page 19 


The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. 




















